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3it  tl)c  Ciiciut  Court 

OF  THE  U^’TTED  STATES 

Fc)R  the  Southern  DisTRrrT  of  Aew  Torir. 

In  EgurrY. 


AYtlltam  B.  Sickels  and  otliers, 

■vs, 

David  L.  Youngs  and  Stephen 
Gutter. 


/ 


On  the  18th  of  Marc-h,  1S53,  the  plaintiffs  filed  their  bill 
of  complaint,  as  follows  : 

Bill  of  €oiiif>laiiat. 

To  the  Judges  of  the  Circuit  Court  of  the  United  States 
for  the  Southern  District  of  Xew  York  : 

William  B.  Sickels,  of  the  citv  of  Xew  York,  and  Bobei't 
L.  Thurston,  Henry  W.  Gardner  and  Gideon  G.  Hicks,  all 
of  Providence,  in  the  State  of  Bhode  Island,  bring  this  bill  ^ 
of  complaint  against  David  L.  Youngs  and  Stephen  Cutter, 
both  of  the  city  vf  Xew  York. 

And  thereupon  your  orators  complain  and  say,  that 
Frederick  Elsworth  Sickels.  of  the  citv  of  A  ew  York,  and 

'  t  j 

State  of  Xew  York,  a  citizen  of  the  United  States,  being 
the  true  and  oilginal  inventor  of  “  new  and  useful  improve¬ 
ment^  in  the  manner  of  constructing  the  apparatus  for  lift¬ 
ing,  tripping,  and  regulating  the  doling  of  the  valves  of 
steam  engines,”  not  known  or  u>ed  before  his  invention  ^ 
thereof,  did  apply  to  the  Commi^sioner  of  Patents  of  the 
United  States  for  letters  patent  for  such  improvement,  and 


/ 


having  fully  and  in  all  respects  complied  with  all  the  requi¬ 
sitions  of  the  law  in  that  behalf,  and  especially  having  made 

4  oath  that  he  really  believed  himself  to  be  the  trne  inventor 
and  discoverer  of  snch  improvement ;  and  having  also  paid 

'into  the  treasnry  of  the  United  States  the  snm  of  thirty  dol¬ 
lars,  and  presented  to  the  Commissioner  of  Patents  of 
the  United  States  a  petition  setting  forth  his  desire  to  ob¬ 
tain  an  exclusive  property  in  the  said  improvement,  and 
praying  that  letters  patent  might  for  that  purpose  be  grant¬ 
ed  to  him,  and  having  also  delivered  and  tiled  in  the  said 
office  of  the  Commissioner  of  Patents  a  written  description 

r  of  his  said  improvement,  and  of  the  manner  of  using  the 

5  same,  and  accompanied  the  same  with  drawings  thereof 
and  written  references  in  such  full,  clear  and  exact  terms, 
as  to  distinguish  the  same  from  all  other  things  before 
known,  so  as  to  enable  any  other  person  skilled  in  the  art 
with  which  the  said  improvement  is  most  nearly  connected, 
to  make  and  use  the  same,  which  said  description  was 
duly  signed  by  the  said  Sickels  and  attested  by  two  witness¬ 
es,  the  said  Commissioner  of  Patents  did  thereupon  cause 
letters  patent  to  be  made  out  in  the  name  of  the  United 
States  of  America,  in  due  form  of  law  in  all  respects,  bear- 

6  ing  date  on  the  twentieth  day  of  May,  eighteen  hundred 
and  forty-two,  whereby  was  granted  to  the  said  Frederick 
E.  Sickels,  his  heirs,  administrators  and  assigns,  for  the  term 
of  fourteen  years  from  the  date  thereof,  the  full  and  exclu¬ 
sive  right  and  liberty  of  using  and  vending  to  others  to  be 
used,  the  said  improvement,  wffiich  is  entitled  in  said  letters 
patent  “new  and  useful  improvements  in  the  manner  of  con¬ 
structing  the  apparatus  for  lifting,  tripping  and  regulating 
the  closing  of  the  valves  of  steam  engines,”  and  the  said 
letters  patent  having  been  signed  by  Daniel  Webstei-, 
Secretary  of  State,  and  countersigned  and  sealed  with  the 

7  seal  of  the  Patent  Office  by  Henry  L.  Ellsworth,  Commis¬ 
sioner  of  Patents,  and  the  same  having  been  duly  recorded, 
were  issued  and  delivered  to  the  said  Sickels,  all  wliich  vrill 
more  fully  ajrpear  in  and  by  said  letters  patent,  or  a  copy 
thereof  hereto  annexed,  to  which  for  greater  certainty  your 

‘  ■  orators  crave  leave  to  refer. 

And  your  orators  further  show  unto  your  honors,  that  on 
or  about  the  eleventh  day  of  January,  eighteen  hundred 
and  forty-two,  the  said  Frederick  E.  Sickels  did,  by  his  deed 

8  of  that  date,  assign  to  one  Truman  Cook,  of  the  city  of  New 
York,  in  the  State  of  Hew  York,  one-half  the  right,  title 
and  interest,  which  he  should  have  in  the  said  letters  patent 
when  the  same  should  be  granted  to  him,  for,  to  and  in  tlie 
United  States  of  America,  for  and  during  the  full  term  for 
which  said  letters  patent  might  be  grante'd,  which  said  as¬ 
signment  is  recorded  in  Liber  ,  page  ,  at  the  Patent 
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Office,  in  Washington  ;  and  the  said  Truman  Cook  did,  by  9 
deed  dated  the  eleventh  day  of  December,  eighteen  hundred 
and  forty-six,  assign  back  his  one-half  the  right,  title  and  in¬ 
terest  to  the  letters  patent  and  invention,  to  the  said  Freder¬ 
ick  E.  Sickels,  which  said  assignment  was  recorded  in  Liber 
G,  page  108,  of  Transfers  of  Patent  Eights,  in  the  Patent 
Office  at  Washington,  on  the  sixteenth  day  of  January, 
eighteen  hundred  and  forty-seven,  i^nd  the  said  Frederick 
E.  Sickels  did,  by  his  deed  dated  the  fourth  day  of  August, 
eighteen  hundred  and  forty-eight,  assign  one-half  of  his 
right,  title  and  interest  to  the  said  letters  patent  and  inven-  10 
tion,  to  the  said  Truman  Cook,  which  said  assignment  was 
recorded  in  Liber  ,  page  454,  of  Transfers  of  Patent  Piglits, 
in  the  Patent  Office  at  Washington,  on  the  eighth  day  of 
August,  eighteen  hundred  and  forty-eight. 

And  the  said  Frederick  E.  Sickels  and  the  said  Truman 
Cook,  being  joint  owners  of  said  letters  patent  and  inven¬ 
tion,  did  by  their  deed  dated  the  fifth  day  of  August,  eigh¬ 
teen  hundred  and  forty- eight,  assign  all  their  right,  title  and 
interest  to  the  said  letters  patent  and  invention,  to  one  Wil¬ 
liam  B.  Sickels,  which  said  assignment  was  recorded  in  Li¬ 
ber  ,  page  458,  of  Transfers  of  Patent  Eights,  in  the  Pa-  H 
tent  Office  at  Washington,  on  the  eighth  day  of  August, 
eighteen  hundred  and  forty-eight. 

And  the  said  William  B.  Sickels  did,  by  his  deed,  dated 
the  seventeenth  day  of  May,  eighteen  hundred  and  forty- 
nine,  license  the  said  Frederick  E.  Sickels  to  make,  con¬ 
struct  and  use,  and  vend  to  others  to  be  used  for  land  en¬ 
gines  throughout  the  United  States,  all  his  right,  title  and 
interest  to  the  letters  patent  and  invention. 

And  afterwards,  to  wit,  on  the  thirteenth  day  of  April, 
eighteen  hundred  and  fifty,  by  an  agreement  of  two  parts, 
niadeby  and  between  the  said  Frederick  E.  Sickels  and  one  12 
Charles  T.  James,  of  Providence,  in  the  State  of  Ehocle 
Island,  duly  executed  and  dated  on .  the  day  and  year  last 
aforesaid,  the  said  Frederick  E.  Sickels  did  transfer,  assign, 
grant,  sell,  release,  convey  and  confirm  to  tlie  said  Charles 
T.  James,  all  his  right,  title  and  interest  to  the  letters  patent 
and  invention  for  land  engines,  as  the  same  was  granted  to 
him  by  the  said  William  B.  Sickels. 

And  afterwards,  to  wit,  on  the  sixteenth  day  of  October, 
eighteen  hundred  and  fifty-two,  by  an  agreement  of  two  13 
parts,  made  by  and  between  the  said  Charles  T.  James  and 
Eobert  L.  Thurston,  Henry  W.  Gardner  and  Gideon  G. 
Hicks,  all  of  Providence,  in  the  State  of  Ehode  Island,  duly 
executed  and  dated  on  the  day  and  year  last  aforesaid,  the 
said  Charles  T.  James  did  transfer,  assign,  grant,  sell  and 
release,  convey  and  confirm  to  the  said  Eobert  L.  Thurston, 
Henry  W.  Gardner  and  Gideon  G.  Hicks,  all  his  right,  title 
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14  and  interest  so  granted  to  him  by  the  said  Frederick  Fi, 
Sickels  to  the  letters  patent  and  invention  for  land  engines, 
for  the  United  States. 

And  your  orators  further  show  unto  your  honors,  that 
iieretofore,  viz.,  at  the  term  of  this  honorable  court,  begun 
andliolden  at  New  York,  within  and  for  the  Southern  Dis¬ 
trict  of  New  York,  on  the  fifth  day  of  December,  in  the 
year  of  our  Lord  one  thousand  eight  hundred  and  forty- 
three,  the  said  Frederick  E.  Sickels  and  Truman  Cook, 
being  then  the  owners  in  common  of  said  letters  patent, 
impleaded  John  F.  Eodraan  in  an  action  of  trespass  on  the 

1 5  case,  wherein  they  declared  against  him  for  a  violation  of 
the  exclusive  privileges  secured  to  them  by  the  letters  patent 
by  manufacturing  and  selling  steam  cut-ofis  substantially  the 
same  in  their  construction  as  the  said  steam  cut-otfs  secured  to 
the  said  Frederick  E.  Sickels  and  Truman  Cook  by  the  said 
letters  patent ;  and  the  said  John  F.  Hodman  having  plead¬ 
ed  that  he  was  not  guilty,  in  manner  and  form,  as  the  said 
plaintiff  had  declared  against  him,  and  issue  I leing  joined 
thereon,  the  cause  was  submitted  to  a  jury,  who  returned 
their  verdict  therein  upon  oath,  and  found  that  the  said 
John  F.  Hodman  was  guilty  in  manner  and  form,  as  the  said 

It)  plaintifts  had  declared  against  him,  and  assessed  damages 
to  the  amount  of  two  hundred  and  seventy-five  dollars  and 
upwards,  and  found  that  the  said  F.  E.  Sickels  was  the  fii*st 
and  original  inventor  of  the  thing  patented  by  him. 

And  your  orators  further  show  unto  your  honors,  that 
the  defendants  herein,  David  L.  Young  and  Stephen  Cutter, 
are  infringing  those  lights  so  secured  to  your  orators  by. 
letters  patent,  by  using  and  operating  an  engine  construct¬ 
ed  substantially  on  the  same  plan  patented  by  said  Sickels, 
that  is  to  say,  they  use  an  engine  in  which  the  valves  are 

17  opened  by  lifters,  having  on  them  catches  which  are  de¬ 
tached  from  the  valve  stems  at  the  desired  point  by  a  cam 
or  stop,  so  as  to  })ermit  the  valves  to  close  rapidly  by  the 
force  of  gravity  or  by  springs,  and  they  regulate  the  descent, 
of  such  valves,  and  prevent  tliem  from  slamming,  by  using 
a  cylindrical  vessel  containing  air,  and  so  constructed  that 
a  ])iston  descends  in  it  freely  to  a  certain  point,  and  there, 
is  arrested  and  protected  from  slamming  by  the  fluid  con¬ 
fined  in  a  close  cliamber  under  it,  substantially  in  the  nian- 

18  nei’  patented  as  aforesaid,  and  continue  to  use  the  same  and 
refuse  to  desist  from  such  use,  all  which  i<  contrarv  to 
equity  and  good  conscience. 

To  the  end  therefore,  that  the  said  defendants  may,  if  they 
can,  show  cause  why  your  orators  should  not  have  the  relief 
hereby  i>rayed,  and  may  upon  their  several  and  corpoiul 
oaths,  and  according  to  the  best  and  utmost  of  their  several 
and  respective  knowledge,  remembrance,  informalion  and 
belief,  full,  true,  direct  and  perfect  answer  make  to  the 
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matters  set  out  in  this  bill,  and  more  particulary  to  the  fol-  19. 
lowing,  that  is  to  say — 

1st.  Whether  the  said  lettei’s  patent  were  granted  and 
issued  as  above  stated  ? 

2d.  Whether  the  several  orn^nts  and  assioiiments  to  the 
several.  pei*sons  hereinbefore  mentioned,  were  made  as  is 
above  stated  ? 

3d.  Whether  the  said  action  at  law  was  commenced  and 
prosecuted,  and  the  said  verdict  was  recovered  as  is  above 
stated  ? 

4th.  Whether  the  said  defendants  at  any  time,  and  when 
and  during  what  period  of  time,  either  severally,  or  each  20 
by  himself  or  jointly  with  any  and  what  other  pei*son  or 
persons,  have  used  an  engine  having  an  apparatus  for  lift¬ 
ing,  tripping,  and  regulating  the  closing  of  the  valves  of 
steam  engines,  substantially  the  same  as  the  invention 
patented  by  the  said  F.  E.  Sickels,  and  where,  and  whether 
or  no  the  same  was  not  used  of  substantiallv  the  same  form 
and  in  substantially  the  same  manner  as  the  apj)ai*atus  for 
lifting,  tripping,  and  regulating  the  closing  of  the  valves  of 
steam  engines  patented  by  the  said  F.  E.  Sickels,  used  by 
the  plaintiffs,  (your  oratoi's.)  and  how  the  same  differed  21i 
therefrom,  if  at  all  ? 

And  that  the  said  defendants  may  answer  the  premises, 
and  that  thev  mav  be  decreed  to  accomit  for  and  pav  over 
to  your  oratoi*s  all  such  gains  and  profits  as  your  orators 
might  have  made  by  the  use  of  the  said  improvement  for 
the  time  and  in  the  manner  in  which  the  defendants  have 
used  the  same,  and  that  they  may  be  restrained  by  an  in¬ 
junction  issuing  out  of  this  honorable  court  according  to 
the  form  of  the  statute  in  such  case  made  and  provided,  22 
from  using  any  more  an  engine  having  an  apparatus  for 
lifting,  tripping,  and  regulating  the  closing  of  the  valves  of 
steam  engines  substantially  the  same  in  its  construction  as 
the  invention  patented  as  aforesaid  and  used  by  your  oratoi’s 
according  to  said  letters  patent,  and  that  your  orators  may 
have  sucli  fiu-ther  or  other  relief  as  the  nature  of  the  case 
may  require,  and  to  your  honors  may  seem  meet. 

May  it  please  your  honors  to  grant  unto  your  oratoi*s  not 
only  a  writ  of  injunction  conformable  to  the  prayer  of  this  23 
bill,  but  also  a  writ  of  subpoena,  directed  to  David  L. 
Youngs  and  Stephen  Cutter,  commanding  them  and  each  of 
them  to  appear  and  answer  unto  this  bill  of  complaint,  and 
to  do  and  receive  what  to  vour  honors  shall  seem  meet. 

And  your  oratoi's,  as  iii  duty  bound,  will  ever  pray,  &c. 

Edwd.  Y.  Dickeesox, 

Solicitor, 

And  of  Counsel  with  Complts. 
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24  United  States  of  America,  ] 

District  of  Rhode  Island,  j  ‘ 

Robert  L.  Thurston,  Henry  W.  Gardner,  and  Gideon  G. 
Hicks,  the  complainants  in  the  above  bill  of  complaint 
named,  being  duly  sworn  according  to  law,  did  depose  and 
say,  that  the  matters  and  things  contained  in  the  above  bill 
of  complaint,  so  far  as  they  relate  to  their  own  acts  and 
deeds,  are  true,  and  so  far  as  they  relate  to  the  acts  and  deeds 
of  others,  they  verily  believe  them  to  be  true,  and  further 
say  not. 

Robert  L.  Thurston. 

25  Henry  W.  Gardner. 

Gideon  G.  Hicks. 

Sworn  and  subscribed  before  me,  this  ) 

25th  day  of  bTovernber,  A.  D.  1852,  j 

John  S.  Pitman, 

Clerk  of  U.  S.  Circuit  Court 

for  Rhode  Island. 

United  States  of  America,  I 
Southern  District  of  Hew  York,  j  ' 

William  B.  Sickels,  being  duly  sworn  according  to  law, 

26  deposeth  and  saith,  that  the  matters  and  things  contained 
in  the  foregoing  bill,  so  far  as  they  relate  to  his  own  acts 
and  deeds,  are  true,  and  so  far  as  they  relate  to  the  acts  and 
deeds  of  others,  he  verily  believes  them  to  be  true,  and  fur¬ 
ther  saith  not. 

Wm.  B.  Sickels. 

Sworn  and  subscribed  this  ) 

15th  day  of  March,  1853,  f 

Joseph  Bridgham, 

U.  S.  Comr. 

0/7  United  States  of  America,  ) 

Southern  District  of  Hew  York,  )  ‘ 

Frederick  E.  Sickels,  being  duly  sworn  according  to  law, 
deposeth  and  saith,  that  he  is  the  person  spoken  of  in  the 
foregoing  bill  as  the  inventor  of  the  thing  j)atented  by  him 
as  therein  set  forth ;  that  at  the  time  when  he  applied  for 
letters  patent  as  therein  set  out,  he  verily  believed  himself 
to  be  the  inventor  of  what  he  then  patented,  and  that  he 
now  doth  verily  believe  that  he  was  the  lirst  and  original 

28  inventor  of  what  he  then  patented,  as  the  same  is  set  out 
and  described  in  the  foregoing  bill,  and  further  saith  not. 

F.  E.  Sickels. 

Sworn  and  subscribed  before  me, ) 

this  lYth  day  of  March,  1853,  f 

R.  E.  Stilwell, 

Dep.  Clerk. 
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On  the  21st  day  of  May,  1853,  the  defendants  filed  their  29 
answer  as  follows  : 

Answer  of*  defendants. 

ClPuCUn^  COURT  OF  THE  UNITED  STATES. 

Southern  District  of  New  York,  ss. : 

YTilliam  B.  Sickels,  et  ah, 
vs. 

You  KGS  ik  CuriEK. 


April  Tenii,  1853. 
In  Equity. 


The  answer  of  David  L.  Youngs  and  Stephen  Cutter[to  the 
bill  of  complaint  of  lYilliam  B.  Sickels,  of  the  city  and 
State  of  New  York,  and  Robert  L.  Thurston,  Henry  AY.  80 
Gardner,  and  Gideon  G.  Hicks,  all  of  Providence,  in  the 
State  of  Rhode  Island,  Ac. 

These  defendants  reserving  to  themselves  all  right  of  ex¬ 
ception  to  the  said  bill  of  complaint,  for  answer  thereunto, 
or  to  such  parts  thereof  as  they  are  advised  are  material 
for  them  to  make  answer  unto,  answering,  say  : 

That  thev  have  been  informed  and  believe  it  to  be  true, 

«/  • 

that  one  Frederick  Elsworth  Sickels,  of  the  city  and  State  of 
New  York,  did  apply  to  the  Commissioner  of  Patents  of  the  31 
United  States  for  Letters  Patent  for  improvements  in  the 
manner  of  constructing  the  apparatus  for  lifting,  tripping, 
and  regulating  the  closing  of  the  valves  of  steam  engines, 
and  that  lettei's  patent  for  such  improvements  were  granted 
to.  him  upon  such  application,  bearing  date  the  twentieth 
day  of  May,  A.  D.  1812  ;  but  these  defendants,  for  greater 
certainty,  crave  leave  to  refer  to  the  original  letters  patent 
when  the  same  shall  be  pr<.>duced  ;  and  they  do  not  admit  32 
that  the  said  Sickels  was  the  true  and  original  inventor  of 
said  improvements,  or  that  the  same  were  not  known  and 
used  before  his  application  for  letters  patent  therefor,  or 
pretended  invention  thereof,  but  they  are  infoi*med  and  be¬ 
lieve  that  the  contrary  thereof  is  true. 

And  these  defendants  further  answering:  sav,  that  thev  ' 
know  not  and  have  not  been  informed,  save  by  the  com¬ 
plainants’  said  bill,  and  cannot  set  forth  as  to  their  belief  or 
otherwise,  whether  the  said  Frederick  E.  Sickels  did,  on  or  33 
about  the  11th  day  of  January,  1812,  by  his  deed  of  that 
date,  assign  to  one  Truman  Cook,  of  said  city  of  New  York, 
one-half  of  the  right,  title  and  interest  which  he  should 
have  in  the  said  letters  patent  when  the  same  should  be 
granted  to  him,  for,  to  and  in  the  United  States  of  America, 
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34  for  and  .during  the  full  term  for  which  said  letters  patent 
might  be  granted  ;  or  whether  the  said  Truman  Cook  did 
by  his  deed,  dated  the  11th  day  of  December,  A.  D.  1846, 
assign  back  one-half  the  right,  title  and  interest  to  the  let¬ 
ters  patent  and  invention  to  the  said  Sickels  ;  or  whether 
the  said  Sickels  did  by  his  deed-dated  the  fourth  day  of  Au¬ 
gust,  A.  D.  1848,  assign  one  half  the  right,  title,  and  inter- 

‘  est  to  the  said  letters  patent  and  invention  to  the  said 
Truman  Cook ;  or  whether  the  said  Frederick  E.  Sickels 
and  Truman  Cook,  being  joint  owners  of  said  letters  patent 

35  and  invention,  did  by  their  deed  dated  the  fifth  day  of 
August,  A.  D.  1848,  assign  all  their  right,  title  and  interest 
to  the  said  letters  patent  and  invention  to  one  William  B. 
Sickels ;  or  whether  the  said  William  B.  Sickels  did  by 
liis  deed  dated  the  17th  day  of  May,  A.  D.  1849,  license  the 
said  Frederick  E.  Sickels  to  make,  construct,  and  use  and 
vend  to  others  to  be  used  for  land  engines  throughout  the 
United  States,  all  his  right,  title  and  interest  to  the  letters 
patent  and  invention ;  or  whether  afterwards,  to  wit,  on  the 
30th  day  of  April,  A.  D.  1850,  the  said  Frederick  E. 
Sickels  did  transfer,  assign,  grant,  sell,  convey,  release,  and 

36  confirm  to  one  Charles  T.  James,  all  the  right,  title,  and  in¬ 
terest  to  the  letters  patent  and  invention  for  land  engines,  as 
the  same  was  granted  to  him  by  the  said  William  B.  Sickels  ; 
or  whether  the  said  Charles  T.  James  did  on  the  16th  day 
of  October,  1852,  transfer,  assign,  grant,  sell,  release,  con¬ 
vey  and  confirm  o  the  complainants,  Bobert  L.  Thurston, 
Henry  W.  Gardner  and  Gideon  G.  Hicks,  all  the  right, 
title,  and  interest  granted  to  him  the  said  James  by  the 
said  Frederick  E.  Sickels  to  the  letters  patent  and  invention 
for  land  engines  for  the  United  States,  but  leave  the  said 

37  complainants  to  make  proof  of  the  same  in  such  manner  as 
they  may  be  advised. 

And  these  defendants  further  answering  say,  that  they  do 
not  know  and  have  not  been  informed,  save  by  the  com¬ 
plainants’  bill,  and  cannot  set  forth  as  to  their  belief  whe¬ 
ther  at  the  Term  of  this  honorable  court,  begun  and  holden 
at  Hew  York,  within  and  for  the  Southern  District  of  Hew 
York,  on  the  fifth  day  of  December,  A.  D.  1 843,  the  said 
Frederick  E.  Sickels  and  Truman  Cook,  as  the  owners  in 

38  common  of  said  letters  patent,  impleaded  John  F.  Hodman 
in  an  action  of  trespass  on  the  case  wherein  they  declared 
against  liim  for  a  violation  of  the  exclusive  privileges  se¬ 
cured  to  them  by  the  letters  patent,  by  manufacturing  and 
selling  steam  cut-ofis,  substantially  the  same  in  their  con¬ 
struction  as  the  said  steam  cut-ofis  secured  to  the  said  Fre¬ 
derick  E.  Sickels  and  Truman  Cook  by  the  said  letters 
patent,  or  whether  the  said  JohnF.  Hodman  pleaded  thathe 
was  not  guilty  in  manner  and  form  as  the  said  plaintiffs  had 
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declared  against  him  ;  and  upon  issue  being  joined  thereon,  39 
the  cause  was  committed  to  a  jury,  who  retarned  their  ver¬ 
dict  thereon  upon  oath,  and  found  that  the  said  John  F. 
Rodman  was  guilty  in  manner  and  form,  as  the  said  plain¬ 
tiffs  had  declared  against  him,  and  assessed  damages  in  the 
sum  of  two  hundred  and  seventy  dollars  and  upwards,  and 
found  that  the  said  Frederick  E.  Sickels  was  the  first  and 
original  inventor  of  the  thing  patented  by  him,  but  leave 
the  complainants  to  make  proof  of  the  same  in  such  manner 
as  they  may  be  advised. 

And  these  defendants  further  answering  deny  that  they  40 
are  infringing  any  right  secured  to  the  complainants  by 
letters  patent,  by  using  and  operating  an  engine  construct¬ 
ed  substantially  on  the  plan  patented  by  said  Sickels,  that 
is  to  say,  they  do  not  use  an  engine  in  which  the  valves 
and  valve  gearing  are  constructed  in  the  same  or  in  substan¬ 
tially  the  same  manner  as  the  valves  and  valve  gearing  de¬ 
scribed  in  the  specification  of  said  Sickels’  patent,  as  set 
forth  in  said  bill,  or  in  which  there  is  any  combination  and 
arrangement  of  the  valve-stem,  a  spring  on  the  lifter,  and 
an  adjustable  sliding  piece  wfith  its  wedges  or  inclined 
planes  and  their  immediate  appendages,  in  the  manner  de-  41 
scribed  in  said  specification,  so  as  to  co-operate  with  each 
other  and  to  effect  the  tripping  of  the  valves  and  the  cut¬ 
ting  off  of  the  steam  substantially  in  the  manner  therein 
set  forth  ;  nor,  in  the  engine  used  by  these  defendants,  do 
they  regulate  the  closing  of  the  valves  and  prevent  them 
from  slamming,  by  means  of  a  water  reservoir  furnished 
with  a  piston  or  plunger  attached  at  the  low^er  end  of  the 
valve  stem  and  operating  within  an  adjustable  cu])  or  second¬ 
ary  reservoir,  substantially  in  the  manner  described  in  said 
specification  ;  nor  do  they  use  any  contrivance  to  regulate 
the  closing  of  the  valves,  or  to  prevent  them  from  slam-  42 
ming,  nor  any  water  reservoir  whatever,  nor  any  adjust¬ 
able  cup  or  secondary  reservoir,  nor  any  other  contrivance 
for  effecting  the  purpose  intended  and  described  in  said 
specification  ;  but  in  all  that  relate  to  the  valves,  valve 
gearing,  and  the  manner  of  opening  and  closing  the  valves, 
and  the  cutting  off  of  the  steam,  and  the  manner  in  which 
and  purpose  for  which  it  is  done,  the  engine  of  the  defend¬ 
ants  differs  entirely  from  that  described  in  the  patent  of 
said  Sickels,  in  the  mechanical  devices  used,  and  in  the  43 
manner  in  which  they  are  combined  and  arranged,  and  in 
their  mode  of  operation  and  result. 

And  these  defendants  further  answering  say,  that  they 
are  using  a  steam  engine  constructed  by  George  FI.  Corliss 
and  Edwin  J.  Nightingale,  both  of  the  city  and  county  of 
Providence  and  State  of  Rhode  Island,  &c.,  and  that  the  said 
engine  contains  the  improvements  invented  by  the  said 
2 


44  George  H.  Corliss  and  for  whicli  he  holds  letters  pktent,  as 
follows  :  one  for  improvement  in  ciit-off  and  working  the 
valves  of  steam  engines,”  granted  on  the  1 0th  day  of  March, 
A.  D.  1849,  and  re-issned  on  the  13th  day  of  May,  A.  D. 
1851,  and  one  for  “  improved  cut-off  gear,”  granted  on  the 
29th  day  of  July,  A.  I).  1851,  and  that  the  said  improve¬ 
ments  are  substantially  different  from  those  described  in 
the  specification  of  said  Sickels. 

And  they  further  say,-  that  these  improvements  difter 
from  the  apparatus  for  lifting,  tripping  and  regulating  the 

45  closing  of  the  valves  of  steam  engines  patented  by  the  said 
'  Sickels  in  the  following  particulars,  among  others,  viz. : 

that  the  alleged  invention  of  said  Sickels,  as  described  in 
the  specification  annexed  to  said  bill,  requires  the  use  of  a 
peculiar  kind  of  valves,  to  wit,  the  kind  called  puppet 
valves,  and  a  kind  of  valve-gearing  adapted  to  the  opening 
and  closing  of  such  valves,  of  which  the  kind  in  most  gene¬ 
ral  use  is  described  in  said  specification  ;  and  such  valves 
when  tripped  and  permitted  to  fall  upon  their  seats  after 
being  lifted  from  them  by  the  lifters,  require  to  have  some 

46  method  of  regulating  their  closing  in  order  to  prevent  their 
slamming  upon  their  seats,  and  breaking  or  injuring  the 
valve  and  valve  seat  by  the  force  of  their  descent;  and  to 
prevent  them  from  slamming,  and  to  regulate  their  closing, 
a  water  reservoir  is  used  with  a  piston  or  plunger  attached 
to  the  valve  stem,  operating  within  an  adjustable  cup  or 
secondary  reservoir,  the  intention  being  to  cause  the  water 
to  offer  a  determined  degree  of  obstruction  to  the  descent 
of  the  plunger,  and  to  admit  of  this  being  regulated,  so  that 
the  passage  of  the  water  between  the  cup  and  the  plunger 

47*  will  be  sufficient  to  allow  of  the  descent  of  the  plunger, 
whilst  it  shall  be  so  obstructed  as  to  take  off  the  force  of 
the  blow  of  the  valve,  in  order  that  the  descent  of  the  valve 
shall  be  obstructed  just  before  it  arrives  at  its  seat  and 
closes  the  port,  and  for  this  purpose,  water,  oil,  or  some 
other  incompressible  fluid  is  necessary,  as  described  and 
claimed  by  said  Sickels.  Whereas,  tlie  valves  used  in  the 
machine  of  the  dtjfendants  are  sliding  valves,  or  valves 
which  slide  upon  circular  faces,  and  are  never  lifted  from 
and  cannot  fall  upon  the  seats,  or  slam,  or  break,  or  injure 

48  their  faces  or  their  seats  by  the  force  of  their  descent,  or 
otherwise  ;  and  the  valve  gearing  by  which  the  valves  are 
opened  and  closed  is  not  of  the  kind  described  in  the  speci¬ 
fication  of  said  Sickles,  and  lo  which  alone  his  alleged  in¬ 
vention  is  adapted,  but  is  of  an  entirely  new  variety,  being 
the  invention  of  said  Corliss,  and  described  in  the  specifica¬ 
tion  annexed  to  his  patent  of  March  lOtli,  1840,  as  afore¬ 
said  ;  and  in  the  machine  of  the  defendants  there  is  no 
contrivance  for  regulating  the  closing  of  the  valves,  or  to 
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prevent  them  from  slamming,  or  to  obstruct  their  descent, 
or  to  check  their  closing  by  means  of  a  water  reservoir,  or 
anv  reservoir  constructed  in  substantially  the  same  manner, 
or  acting  upon  the  same  principle,  or  producing  the  same 
result  as  the  water  reservoir  described  in  the  specification 
of  said  Sickels ;  but  in  the  defendants’  machine  the  valve  be¬ 
ing  attached  to  a  rocker  shaft  entering  the  valve  chamber, 
is  made  to  slide  over  the  port  for  the  purpose  of  shutting  off 
the  steam,  by  means  of  a  weight  attacliecl  to  an  arm  or  pro¬ 
jecting  lever  on  the  rocker  shaft,  and  no  contrivance  is 
used  or  required  for  checking  the  motion  of  the  valve 
while  the  port  is  being  closed  or  for  the  pui'pose  of  closing 
it  gradually,  but  the  port  is  entirely  closed  by  the  free  ac¬ 
tion  of  the  weight  upon  the  valve,  and  in  order  to  arrest 
the  motion  of  the  weight  aftei*  its  ofiice  of  closing  the  valve 
has  been  performed,  the  weight  is  di-opped  into  a  cylindri¬ 
cal  socket  within  which  it  compresses  the  air,  and  thus 
forms  an  elastic  cushion  bv  which  its  descent  is  airested; 
and  in  order  that  the  fall  and  action  of  the  weight  mav  not 
be  checked  until  after  the  valve  is  entirely  closed,  an  open¬ 
ing  is  made  in  the  side  of  the  cylinder  or  socket,  at  a  point 
which  the  weight  ’svill  reach  after  the  valve  is  closed,  so 
that  the  .weight  will  fall  freely  to  that  point  and  then  be 
arrested  by  confining  and  compressing  the  air,  and  thus 
form  an  elastic  cushion  to  prevent  any  jar  of  the  machinery 
from  the  use  of  a  detached  weight  after  the  port  is  closed. 

And  further,  that  in  the  alleged  invention  of  said  Sickels, 
as  described  in  the  specification  aimexed  to  said  l)ill,  the 
detachment  of  the  valve  stem  from  the  lifter  is  effected  by 
means  of  an  adjustable  sliding  piece,  u]>on  the  face  of  which 
are  two  projecting  wedge-formed  pieces  or  inclined  ]>lanes 
which  serve  to  open  the  ends  of  the  spi-ing  upon  the  lifter, 
which  embrace  the  sides  of  the  valve-stem,  and  thus  libe¬ 
rate  the  valve-stem,  and  permit  tlie  valve  to  fall,  and  the 
position  of  these  inclined  ]>laues  may  be  so  adjusted  by 
means  of  a  set  screw  and  by  reversing  the  sliding  piece 
with  its  wedges  or  inclined  plane'^.  that  the  cut-off*  may  be 
eff'ected  at  any  ]:)orti(,>u  of  the  stroke  ;  whereas,  in  the 
machine  of  the  defendants  there  is  no  slidiiig  piece,  with 
wedges  or  inclined  planes  for  the  purpose  of  detaching  the 
valve,  but  the  connecting  lods  which  ivceive  a  recipriv 
eating  motion  from  the  eccentric  as  modified  bv  a  wrist 
plate  to  ^v]nch  the  rods  are  attached,  have  also  a  lateral 
motion  imparted  to  their  exti'emities,  which  take  hold  of 
the  rocker  arm  of  the  vadves  by  means  of  hooks,  so  that,  by 
placing  a  fulcrum  at  a  certain  point  against  which  the  con¬ 
necting  rods  can  impinge  in  their  lateral  iTiOvements  during 
the  first  half  of  the  stroke  of  the  piston,  the  hooks  are  press¬ 
ed  away  from  the  toes  of  the  rock  shafts  which  vsmrk  the 
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54  valves,  and  the  valves  are  thus  released  from  the  action  of 
the  gear  which  opens  them,  and  are  closed  by  weights,  as 
above  described  ;  and  the  fulcrnm  upon  which  the  connect¬ 
ing  rod  thus  detaches  itself  from  the  valves  in  the  machine 
of  the  defendants  is  an  adjustable  stop,  so  constructed  and 
placed  that  the  sliding  rod  which  adjusts  its  position  is 
connected  with  the  slide  of  the  governor,  and  as  that  is 
moved,  the  point  at  which  the  cut-off  is  effected  is  varied, 
and  thus  a  method  of  regulating  the  motion  is  effected  by 

55  means  of  the  regulator  by  combining  the  regulator  with 
the  catches  that  liberate  the  steam  valves  by  means  of 
movable  cams  or  stops,  as  described  in  the  specitication 
annexed  to  the  patent  of  said  Corliss,  as  aforesaid. 

And  these  defendants  aver  that  the  differences  aforesaid 
are  substantial  and  material  as  well  in  the  mechanical  de¬ 
vices  used,  as  in  the  manner  in  which  they  are  combined 
and  arranged,  and  in  their  mode  of  operation,  and  in  the 
result  and  effect  produced  thereby. 

And  these  defendants  further  answering  say,  that  they 

56  are  informed  and  believe  that  the  said  Fredericks.  Sickels, 
from  whom  the  said  complainants  pretend  to  derive  their 
title  to  the  improvemeiits  described  in  the  letters  patent  re¬ 
ferred  to  in  their  said  bill  of  complaint,  was  not  the  ori¬ 
ginal  and  first  inventor  or  discoverer  of  the  things  pa¬ 
tented,  or  of  substantial  parts  thereof  claimed  as  new,  that 
is  to  say,  that  he  was  not  the  original  inventor  and  dis- 
coveror  of  any  one  of  the  several  supposed  inventions  or 
improvements  specified  and  claimed  in  letters  patent  of  the 

57  United  States,  granted  to  the  said  Sickels  on  the  20th  day 
of  May,  A.D.  1842,  for  certain  improvements  in  the  man¬ 
ner  of  constructing  and  arranging  the  apparatus  for  lifting 
and  tripping  the  valves  of  steam  engines,  and  by  which  the 
steam  may  be  more  readily  cut  off  at  any  desired  part  of 
the  stroke,  than  by  the  means  heretofore  adopted,  and  also 
an  improved  water  reservoir  and  plunger,  which  serve  to 
prevent  the  slamming  of  the  valves  in  closing,  and  conse¬ 
quently  to  preserve  them  in  good  working  order  for 
a  great  length  of  time,”  in  the  words  following,  to  wit : 

58  What  I  claim  therein  as  new,  and  desire  to  secure 
by  letters  patent,  is,  first,  the  manner  in  which  I  have 
combined  and  arranged  the  valve-stem,  the  spring  on 
the  lifter,  the  adjustable  sliding-piece,  with  its  wedges 
or  inclined  planes,  and  their  immediate  appendages, 
so  as  to  co-operate  with  each  other,  and  to  effect  the  trip¬ 
ping  of  the  valves,  and  the  cutting  oft'  of  the  steam  sub¬ 
stantially  in  the  manner  set  forth  and  I  also  claim  the 
manner  of  regulating  the  closing  of  the  valves,  and  of 
effectually  preventing  them  from  slamming,  by  means  of  a 
water  reservoir  furnished  with  a  piston  or  plunger  attached 
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at  the  lower  end  of  the  valve-stem,  and  operating  within  59 
an  adjustable  cup  or  secondary  reservoir,  so  as  to  effect  the 
purpose  intended,  upon  the  principle  and  substantially  in 
the  manner  herein  described  and  made  known.” 

And  these  defendants  are  informed  and  believe,  and  thev 
intend  to  prove,  that  anterior  to  the  supposed  discovery  of 
the  said  supposed  inventions  by  the  said  Sickels,  they  were 
respectively  known  and  used  in  the  city  of  Xew  York,  in 
the  State  oJ  Xew  York,  in  Pittsbui’gh,  in  the  State  of  Penn¬ 
sylvania,  and  in  the  city  of  Boston,  in  the  State  of  Massa-  60 
chusetts,  and  a  knowledge  of  the  same  and  of  such  use  at 
l^ew  York,  Boston  and  Pittsburgh  as  aforesaid,  was  possessed 
and  will  be  proved  by  the  following  named  persons  : 

Phineas  Bennett,  of  the  city  of  Xew  York. 

Livingston  S.  Bartholemew, 

Ezekiel  Williams,  ‘‘ 

Edward  S.  Bartholemew,  ‘‘ 

Tliomas  Bartholemew,  late  of  the  city  of  Xew  York,  now 
in  Spain. 

John  Palmer,  late  of  the  city  of  Xew  York,  now  in  Cuba. 
Peter  Hogg,  of  the  city  of  Xew  York.  61 

Cornelius  H.  Delamater,  ‘‘ 

Anselm  St.  John,  “ 

Oliver  Byrne,  “ 

David  Leavitt,  ‘‘ 


William  A.  Lighthall,  “ 

George  Hawes,  ‘‘ 

Jeremiah  S.  Bunce,  “ 

George  Birkbeck,  Jr.,  “ 

Archer  Guion, 

Joseph  Belknap,  “ 

James  Cunningham,  late  of  “ 

Robeil  Robinson, 

Isaac  Xewton,  “ 

James  MacEarland,  of  Brooklyn,  X.  Y. 
William  Cobb,  of  Tarrytown,  X.  Y. 

Peter  H.  Watson,  of  Washington  City,  D.  C. 
Edward  S.  Renwick,  “  ‘‘ 

John  Sheriff*,  Pittsburgh,  Pa. 

John  B.  Bell,  “ 

John  Smith,  “ 

Matthew  Smith,  “■ 

Cadwallader  Evans,  “ 

Benjamin  Crawford,  of  Alleghany  City,  Pa. 
George  E.  Sellers,  of  Cincinnati,  Ohio. 

Miles  Greenwood,  “  “ 

Andrew  Cathcart,  of  Madison,  Indiana. 


62 


63 


And  these  defendants  fm-ther  answering  say,  that  ante- 
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rior  to  the  supposed  inventions  by  the  said  Sickels,  they 
were  respectively  described  in  the  following  public  works*^: 

“  Historical  and  Descriptive  Anecdotes  of  "Steam  Engines, 

^4  and  of  their  inventors  and  improvers.  By  Bobert  Stuart, 
Civil  Engineer.  2  vols.  London  :  Wightman  &  Cramp, 
Paternoster  Eow,  1829,”  and  particularly  at  vol.  2nd,  p. 
366,  of  said  public  work,  and  the  plates  there  referred  to. 

“  The  Steam  Engine,  its  invention  and  progressive  im¬ 
provements  :  an  investigation  of  its  principles,  and  its  appli¬ 
cation  to  navigation,  manufactures  and  railways,  &c.  By 
Thomas  Tredgold,  Civil  Engineer,  &c.  Hew  edition,  2 

65  vols.,  4to.  London,  1838,”  and  particularly  at  p.  224, 
§478,  and  at  p.  261,  §  546,  vol.  1,  and  at  plate  9,  vol.  2,  of 
said  public  work. 

“  Encyclopaedia  Metro])olitana,  vol.  8, 4to.  London,  1845.” 

“A  System  of  Mechanical  Philosophy.  By  John  Bobin- 
son,  LL.D.  Ed.  by  David  Brewster.  Yol.  1,  8vo.  edition 
1822.” 

“  An  Epitome  of  the  Elementary  Principles  of  Hatural 
and  Experimental  Philosophy,  comprising  a  copious  ac- 

66  count  of  the  invention,  progress,  and  present  state  of  the 
steam  engine.  By  John  Millington.  8vo.  London,  1823.” 

“  A  Treatise  on  the  Steam  Engine,  historical,  practical, 
and  descriptive.  By  John  Farey,  Engineer.  London  : 
Printed  for  Longman,  Bees,  Orme,  Brown,  and  Green, 
Paternoster  Bow,  1827.” 

And  these  defendants  further  answering  say,  that  the 
fuel  for  the  boilers  of  their  engine  is  composed  mainly  from 
the  chips,  shavings,  splinters,  blocks  and  waste  timber  of 
the  different  workshops  which  derive  power  from  and  are 

67  operated  by  it,  and  it  would  be  impossible  for  them  to  keep 
any  account  of  the  same,  or  to  compare  the  same  with  the 
cpiantity  of  fuel  required  for  any  other  engine. 

And  these  defendants  deny  all  and  all  manner  of  unlaw¬ 
ful  combination  and  confederacy  wherewith  they  are  by 
said  bill  charged,  without  this — that  there  is  any  other 
matter,  cause,  or  thing  in  the  said  complainants’  said  bill  of 
complaint  contained,  material  or  necessary  for  these  de¬ 
fendants  to  make  answer  unto,  and  not  herein  and  hereby 
well  and  sufficiently  answered,  confessed,  traversed  and 

68  avoided,  or  denied,  is  true  to  the  knowdedge  or  belief 
of  these  defendants,  or  either  of  them — all  which  matters 
and  things  tliese  defendants  are  ready  and  willing  to  aver, 
maintain  and  prove,  as  this  honorable  Court  shall  direct, 
and  pray  to  be  hence  dismissed  with  their  reasonable  costs 
and  charges  in  this  behalf  most  wrongfully  sustained. 

David.  L.  Youngs, 
Stephen  Cutter. 

T.  A.  Jenckes, 

Solr.  for  Defendants. 
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Southern  District  of  Kew  York,  )  .  69 

City  and  County  of  York,  j 

David  L.  Youngs  and  Stephen  Cutter,  the  defendants  in 
this  suit,  being  duly  sworn,  depose  and  say,  that  they  have 
heard  read  the  foregoing  answer,  and  know  the  contents 
thereof,  and  that  the  same  are  true  of  theii-  own  knowledge, 
except  as  to  those  matters  therein  stated  on  their  informa¬ 
tion  and  belief,  and  as  to  those  matters  they  believe  it  to  be 
true. 

Subscribed  and  sworn  to  before  I 

me,  this  21st  day  of  May,  1853,  f  70 

It.  E.  Stilwell, 

Dep.  Clerk. 

To  this  answer  the  plaintifts  filed  a  general  replication, 
in  the  usual  form. 

An  application  for  a  provisional  injunction  having  been  • 
made  by  the  plaintifis  to  His  Honor  Mr.  Justice  bTelson, 
he  made  the  following  order : 

At  a  Special  Term  of  the  Circuit  Coml  of  the 
United  States  of  America,  for  the  Southern 
District  of  Hew  York,  in  the  Second  Circuit, 
held  at  the  Citv  Hall,  in  the  Citv  of  Hew  ^ 
York,  on  Thui’sday,  the  seventh  day  of  Sep¬ 
tember,  in  the  year  of  our  Lord  one  thousand 
eight  hundred  and  fifty-four.  * 

Present, — ^The  Honorable  Samuel  Helson,  an  Associate 
Justice  of  the  Supreme  Court  of  the  Lhiited  States. 


William  B.  Sickels  and  others  i  Motion  for  prelimi¬ 
nary  injunction : 
Sickels’  Patent 
for  Cut-oft’  in 


m. 


David  L.  Yomi^Gs  and  Stephen  Cut¬ 
ter. 


rs  j 

\ 
} 


The  Same, 
vs. 

George  H.  Corliss  and  J ohn  Barstow.  ^ 


Steam  Eno-ine. 

O 


72 


Ordered,  that  the  following  questions  be  tried  at  law  73 
before  a  Jury,  in  the  first  above  named  cause,  at  the  next 
regular  term  of  tliis  Court,  to  be  held  in  the  Southern  Dis¬ 
trict  of  Hew  York,  namely  : 

First., — Whether  or  not  the  construction,  arrangement, 

OT  combination  of  the  apparatus  used  by  the  defendants  for 
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74  the  more  readily  cutting  off  steam  in  working  the  steam 
engine,  as  charged  by  complainants  in  their  bill,  are  sub¬ 
stantially  identical  with  the  construction,  arrangement,  or 
combination  of  the  apparatus  described  in  and  claimed  by 
the  complainants  under  the  patent  granted  to  F.  E.  Sickels 
20th  May,  1842,  for  the  more  readily  cutting  oflP  steam  in 
working  the  steam  engine  ;  and. 

Second^ — Whether  or  not  the  construction  and  arrange¬ 
ment  of  the  apparatus  for  preventing  the  slamming  of  the 
valves  in  closing,  used  by  the  defendants,  as  charged  in  the 
bill,  are  substantially  identical  with  the  construction  and 
arrangement  of  the  apparatus  described  in  and  claimed  by 
the  complainants  under  the  aforesaid  patent. 

And  further  ordered,  that  the  decision  upon  the  motions 
for  injunctions  in  the  above  cases  be  postponed  till  the 
i  coming  in  of  the  finding  of  the  jury  on  these  issues. 

J.  W.  ]Ni;lson, 

Clerk. 

/70  The  issues  so  ordered  to  be  tried  came  on  for  trial  before 
His  Honor  Judge  Betts  and  a  jury,  at  the  city  of  Hew 
York,  on  the  20th  of  December,  1854. 

The  case  was  opened  to  the  jury  on  the  part  of  the  plain¬ 
tiffs,  by  Benjamin  F.  Thurston,  Esq.,  of  Providence,  K.  I. 

The  court  then  adjourned  to  December  21st,  1854,  at  11 
o’clock,  A.  M. 

December  21st,  1854,  11  o’clock,  A.  M. 

The  plaintiffs  read  in  evidence  letters  patent  of  the  United 
77  States  granted  to  Frederick  E.  Sickels,  May  20th,  1842,  for 
new  and  useful  improvements  in  the  manner  of  construct¬ 
ing  the  apparatus  for  lifting,  tripping  and  regulating  the 
closing  of  the  valves  of  steam  engines,”  of  which  (without 
the  drawings)  the  following  is  a  copy : 

THE  UNITED  STATES  OF  AMERICA. 

To  all  to  whom  these  letters  patent  shall  come  : 

Whereas  Frederick  Elsworth  Sickels,  Hew  York,  has 
alleged  that  he  has  invented  new  and  useful  imjnovements 
in  the  manner  of  constructing  the  apparatus^  for  liitog, 
tripping,  and  regulating  the  closing  of  the  valves  of  sfeam 
engines,  which  he  states  has  not  been  known  or  used  before 
his  application ;  has  made  oath  that  he  is  a  citizen  of  the 
United  States;  that  he  does  verily  believe  that  he  is  the 
original  and  first  inventor  or  discoverer  of  the  said  improve¬ 
ments,  and  that  the  same  hath  not,  to  the  best  of  Ins  knov^ 
ledge  and  belief,  been  previously  known  or  used ;  has  paid 
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into  the  Treasury  of  United  States  the  sum  of  thirty  dollars,  79 
and  presented  a  petition  to  the  Commissioner  of  Patents, 
signitying  a  desire  of  phtaining  an  exclusive  property  in  the 
said  improvements,  and  praying  that  a  patent  may  be 
granted  for  that  purpose. 

These  are  therefore  to  grant,  according  to  law,  to  the  said 
Frederick  Elsworth  Sickels,  his  he  rs,  administratoi-s  or  as¬ 
signs,  for  the  term  of  fourteen  veal’s,  troni  the  twentieth 
day  of  May,  one  thousand  eight  hundred  and  forty-two,  the 
full  and  exclusive  right  and  like  ty  of  making,  consti-uct- 
ino:,  using,  and  vending  to  others  tu  be  used,  the  said  im-  80 
])rovements,  a  description  whereof  is  given  in  the  words  of 
the  said  Frederick  Elsworth  Sickels,  in  tlie  schedule  here¬ 
unto  annexed,  and  is  made  apart  of  these  presents. 

In  testimonv  whereof,  1  have  caused  these  let¬ 
ters  to  be  made  patent,  and  the  seal  of  the 
latent  Office  has  been  hereunto  affixed. 

[l.  s.]  Given  under  my  hand,  at  the  city  of  Washing¬ 
ton,  this  twentieth  dav  oT  Mav,  in  the  vear  of 
our  Lord  one  thousand  eight  hundred  and 
forty-two,  and  of  the  Independence  of  tlie  SI 
United  States  of  America  the  sixtv-sixth. 

4. 

Daxl.  MAbstee, 

Secretary  of  State. 

Countersigned  and  sealed  with  j 
the  Seal  of  the  Patent  Office,  j 

IIenky  L.  Ellswortu, 

Comr.  of  Patents. 

T7ie  Schedule  referred  to  m  these  Letters  Patent^  and  rmk- 

ing  part  of  the  same. 

To  all  whom  it  may  concern  :  Be  it  Imown,  that  I,  Fre¬ 
derick  Elsworth  Sickels,  of  the  citv  of  Xew  York,  in  the 
State  of  Yew  York,  hayejn, vented  certain  improvements  in  82' 
the  manner  of_consiructing  and  arranging  the  apjiaratus  for 
lifting  and  tripping  the  valves  of  steam  engines,  and  by 
which  the  steam  can  be  niore  readny-^crrktffiVffctA^^  desired, 
part  of  the  stroke,  than  dyTtlie  means  hei^tofbre  adopted: 
and  also  an  improved  water  reservoir  and  plunger,  which 
serve  to  prevent  tjie flamming  of  the  yalv^a  in_£k)sing^ajid 
cohsecpiently  to  pi’esei've  them  in  g^ood  working  order  f  >iya 
^iBatAength  of  thme. 

In  the  accompanying  drawing,  A  A,  figure  1,  represents  S3 
a  valve  box  containing  the  puppet  valves  which  are  to  be  lifted 
and  closed  ;  the  construction  of  this  part  being  such  as  is 
well  known  to  engineers  and  machinists.  B  is  the  valve 
stem  passing  through  a  stuffing  box  C  on  the  In.umet  D  of 
the  valve  box.  The  valve  stem  is  to  be  raised  by  the  lifter 
E,  which  is  acted  on  in  the  usual  way.  F  F  is  a  spring 
3 
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84  whicli  is  attached  to  the  shaft  C  of  the  lifter,  and  the  outer 
ends  F  of  which  embrace  the  sides  of  the  valve  stem  B. 
The  npper  end  of  this  stem  is  flattened  or  has  projecting 
edges  or  feathers,  a  a,  which  while  the  valve  is  being  lifted,  rest 
upon  the  up])er  edges  of  the  spring  F  F,  where  said  feathers 
terminate  ;  but  when  the  sowing  is  opened,  the  stem  will  be 
no  longer  sustained  by  it,  and  it  will  consequently  descend, 
and  the  valve  or  valves  attached  to  it  will  be  closed.  By 
means  of  the  apparatus  wliich  I  have  devised,  the  spring  F 

-  may  be  opened,  and  the  stem  B,  with  its  valves,  may  be 

85  tripped  at  any  time  during  the  ascent  or  descent  ot  the 
lifter,  and  the  steam  may  consequently  be  cut  off  at  any  part 

/  of  the  stroke  of  the  piston.  To  eftect  this  there  is  a  standard 
IT  I'ising  vertically  from  the  valve  box  or  bonnet  C,  so  as 
that  its  upper  flat  end  shall  be  nearly  in  contact  with  the 
outer  ends  of  the  springs  F  F.  This  standard  sustains  an  afl- 
justable  sliding  piece  I,  which  may  be  shifted  to  any  desir¬ 
ed  height,  and  then  held  in  place  by  means  of  a  set  screw 

1  a’.  Upon  the  face  of  this  sliding  piece  there  are  two  pro¬ 
jecting  wedge-lormed  pieces,  or  inclined  planes  b  b,  which 

86  serve  to  open  the  ends  F^  ot  the  springs,  and  thus  to  libeiate 
the  stem  B.  In  the  position  in  wTiich  the  piece  I  is  repre¬ 
sented  in  this  figure,  the  ends  of  the  spring  F  would  catch 
a<^ainst  the  outsides  ot  the  pieces  b  b  in  ascending, 

vmuld  be  separated  ;  but  in  descending,  the  ends  ot  said 
springs  would  catch  against  the  insides  of  the  wedges  or 
planed  b  b,  and  they  wmuld  consequently  be  forced  inw^ards, 
and  would  not  be  opened  ;  but  were  the  sliding  piece  I, 
■with  its  w^edges  or  inclinedi'planes,  reversed,  the  spring  wmuld 
then  not  be  opened  by  the  ascent,  but  would  be  opened 

87  by  the  descent  of  the  stem.  'When  the  stem  is  liberated,  or 
tripped  at  its  greatest  rise,  the  steam  will  be  cut  off  at  half 
stroke  5  when  tripped  at  one-half  its  rise  in  ascending,  the 

■’  steam  wnll  be  cut  off  at  one-fourth  of  the  stroke,  and  wdien 
at  that  same  point  in  descending,  it  will  be  cut  off  at  three- 
fourths  of  the  stroke  ;  and  so  on  of  any  intermediate  point. 
The  face  of  the  standard  II  may  be  graduated,^  so  as  instan¬ 
taneously  to  set  the  cut-oft  at  any  required  point  by  means 
of  the  set  screw.  In  order  to  cause  the  stem  B  to  descend 
instantaneously  wdien  the  spring  F  F  is  opened,  I  cause  a 

*  88  spring  to  bear  upon  it,  wdiich  spring  is  situated  on  the  upper 
side  of  the  lifter,  to  wdiich  it  is  attached  by  one  end,  whilst 
its  other  end  bears  upon  the  stem.  In  figure  2,  wTiich  is  a 
vertical  section  through  the  lifter  and  the  valve-stem,  c  c  is 
a  spring. which  is  fastened  to  the  lifter  at  n,  whilst  its  outer 
end  bears  on  an  oflset  d’  on  the  stem,  and  serves  to  gi^c  it 
a  descending  impulse  the  moment  it  is  freed  trom  the  spiing 
F.  Figure  S  is  a  top  view  of  the  lifter,  the  bonnet  and 
some  of  their  appendages,  as  designated  by  the  letters  of 

reference. 
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J,  figure  1,  is  the  water  reservoir  attached  to  the  lower  89 
side  of  the  valve  box  A.  This  and  the  parts  within  it  are 
shown  in  section  in  figure  T,  for  the  purpose  of  clearly  ex¬ 
hibiting  their  construction  and  arrangement.  B  is  a  contin¬ 
uation  of  the  valve-stem,  and  this  has  affixed  to  it  on  its 
lower  end  a  plunger  or  piston  K.  The  interior  of  the  reser¬ 
voir  J  is  cylindrical,  and  it  has  within  it  a  cup,  or  secondary 
reservoir,  which  may  be  raised  or  lowered  by  means  of  a 

fraduating  screw  e  e,  said  screw  being  fiiriiished  with  a  nut 
by  which  it  is  to  be  held  in  place.  When  the  valve  stem  90 
B  descends,  the  plunger  K  enters  the  cup,  or  secondary  re¬ 
servoir,  L,  into  the  upper  cylindrical  part  of  which  it  passes 
freely  and  to  such  depth  as  may  be  found  necessary,  which 
is  determined  bv  means  of  the  oTaduatiiis"  screw  e  e.  The 

V'  O  O 

reservoir  J  is  to  contain  water,  oil  or  other  fluid,  say  to  two- 
thirds  of  its  height,  more  or  less ;  through  the  plunger  K 
G  G  are  represented  as  being  made  for  the,  passage  of  1 
water,  and  h  is  a  valve-like  piece  which  slides  up  and  down 
on  the  lower  end  of  the  stem  B.  This  part  of  the  apparatus, 
however,  mav  be  varied  in  its  form  in  numerous  wavs,  the  9 1 
intention  being  to  cause  the  water  to  offer  a  determined  de¬ 
gree  of  obstruction  to  the  descent  of  the  plunger,  and  to  ad¬ 
mit  of  this  bein^  reo^ulated.  This  I  have  sometimes  done 
by  making  the  plunger  K  a  flat  disk,  with  a  sufficient  space 
between  it  and  the  cavity  of  the  cup  L,  for  the  passage  of 
water  sufficient  to  allow  of  the  descent  of  the  plunger,  whilst 
it  shall  be  so  obstructed  as  to  take  off  the  force  of  the  blov/ 
of  the  valve.  I  have  in  fact  essayed  the  action  of  the 
plunger  and  of  the  parts  within  which  it  o]3erates,  in  different 
forms,  and  in  all  with  good  effect,  tiiat  which  I  have  repre¬ 
sented  being  one  of  the  best.  An  opening  furnished  with 
a  stopper  may  be  made  through  the  reservoir  as  at  i,  to 
supply  water  when  requisite.  By  means  of  this  apparatus^ 
the  valves  mav  be  made  To  shut  SD-silently-as  scarcely  to  be  ' 
heard,  whilst  .the  retardation  is  so .  peidhcfily  graduated  as 
noTTonDe  accompanied  by  any  sensible  loss,  of  time,  as  it 
takes  place  in  the  last  moment  of  their  descent  only. 

Having  thus  fully  described  the  nature  of  my  improve¬ 
ments  in  the  apparatus  for  lifting  and  tripping  the  valves  of 
steam  engines,  and  of  thereby  cutting  off  the  steam  at  any 
required  part  of  the  stroke,  and  also  of  mv  improved  ap¬ 
paratus  for  regulating  the  closing  of  the  valves,  what  I 
claim  therein  as  new  and  desire  to  secure  by  Letters  Patent 
is :  first,  the  manner  in  which  I  have  combined  and  ari-ano’ed 
the  valve-steiiTTB,  the  spring  F  on  the  lifter,  the  adjustable 
jlidiug^  pfieceJ,  with  its  wedges  or  inclined  planes,  and  their 
immediate  appendages,  so  as  to  co-operate  with  each  other, 
and  to  effect  the  tripping  of  the  valves,  and  the  cutting  off 
of  the  steam,  substantially  in  the  manner  set  forth.  I  alssC 
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M  claim  the'^mamier  of  mgnlating  tlie  closing  of  the  valves 
'and  of  etfectnally  preventing  them  from  slamming,  bv 
means  of  a  v^atqr  reservoir  furnished  with  a  piston  or  plunger 
attached  at  the  lower  end  of  the  valve-stem,  and  operating 
within  an  adjustable  cup  or  secondary  reservoir,  so  as  to 
effect  the  purpose  intended  upon  the  principle,  and  substan¬ 
tially  in  the  manner  herein  described  and  made  known. 

Feedeeick  Els  worth  Sickels. 

Witnesses, 

Wm.  fj.  Haskett, 

Wm.  M.  B.  iStckels. 
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The  plaintiffs  then  called  as  a  witness — 

Henry  B.  Renwleh,  wlio,  having  been  duly  sworn,  was 
examined  by  Charles  M.  Keller,  Esq.,  one  of  the  plaintiffs' 
counsel,  and  testified  as  follows  : 

Q.  Will  you  please  state  your  residence  ? 

A.  Ko.  21  Fifth  Avenue,  New  York. 

Q.  I  will  get  you,  sir,  briefly  to  state  to  the  jury  what  is 
your  present  occupation,  and  what  have  been  your  means 
of  acquiring  a  knowledge  of  the  arts  and  of  the  progress  of 
inventions."  I  beg  you  to  lay  aside  all  personal  modesty ;  for 
the  object  is  to  let  the  jury  know  what  have  been  your 
means  of  information  upon  the  subject. 

A.  I  am  at  present  government  inspector  of  steamboats 
for  the  port  of  'New  Voi'k ;  1  was  before  that,  for  nearly 
five  years,  in  the  patent  office,  as  principal  examiner  of 
patents ;  before  that  I  was  engaged  in  making  iron  myself, 
and  have  been  in  the  pursuit  of  civil  and  mechanical 
engineering  since  I  left  school. 

Q.  While  you  were  examiner  in  the  patent  office,  had  you 
charge  of  the  examination  of  applications  for  patents  upon 
steam  engines  ? 

A.  I  had  charge  of  the  whole  of  tliem. 

Q.  Have  you  examined  the  specification  and  drawings  of 
the'patent  granted  to  Frederick  E.  Sickels,  dated  20th  May, 
1812? 

A.  1  have,  frequently. 

Q.  IlaA'c  you  seen  that,  apparatus  in  operation  ? 

A.  I  have,  sir,  on  steamships  and  boats  plying  in  and  out 
of  Kew  York. 

Q.  State  what,  in  your  opinir>n,  is  the  mode  of  operation 
in  the  patent  described,  for  lifting,  tripping  and  regulating 
the  closing  of  the  valves  ;  state  fully  your  opinion  as  to 
every  part  of  the  invention  found  in  said  ])atent  ? 

('lo  tliis  question  the  defendants'  counsel  objected,  on  the 
<>Tound  that  the  question  opened  a  mucii  wider  held  of 
inquiry  than  was  submitted  to  the  Court  and  jury  upon 
the  issues  sent  to  be  tried  5  that  the  judge  wiio  trained  the 


issues  had  upon  tlie  face  of  them  construed  the  claims  of  99 
Sickels’  patent,  and  decided  each  claim  to  be  a  claim  to  the 
particular  apparatus  described  by  Sickels ;  that  the  proper 
inquiry  to  the  witness  in  reference  to  each  branch  of  the 
case,  was  whether  the  defendants’  apparatus  was  substanti¬ 
ally  identical  with  the  apparatus  described  by  Sickles,  and 
that  the  question  put  to  the  witness  was  entirely  outside  of 
any  issue  sent  down  to  be  med.  Tlie  defendants’  counsel 
further  insisted,  that  if  the  Court  should  be  of  opinion  that 
the  claims  of  Sickels’  j^atent  were  not  so  construed  in  the 
issues,  then  tliis  Court  should  now,  on  this  trial,  hold  such  100 
claims  to  be  each  of  them  a  claim  to  the  particular  appara¬ 
tus  described,  and  limit  the  inquiries  to  the  witness,  on  each 
issue  to  the  point  of  the  substantial  identity  of  the  defend¬ 
ants’  apparatus  with  Sickels’  apparatus  ;  and  they  further 
insisted,  that  the  Court  should,  before  proceeding  any  further 
in  the  case,  construe  the  claims  of  the  plaintiffs'  patent,  and 
decide  what  was  embraced  in  and  covered  by  each  of  such 
claims,  and  what  was  embraced  in  the  apparatus  of  Sickels' 
referred  to  in  each  issue,  in  order  to  furnish  a  legal  standard 
of  comparison  for  the  experts  on  the  question  of  identity,  101 
and  advise  them,  as  matter  ot  law,  what  was  the  apparatus 
of  Sickels,  in  each  branch  of  the  case,  with  which  the  defend¬ 
ants’  apparatus  was  to  be  compared. 

The  Court  overmled  the  defendants’  objections  to  the 
question  and  allowed  it  1o  be  put,  and  declined  to  make  any 
ruling  at  this  stage  of  the  case  upon  the  jDOsitions  taken  by 
the  defendants’  counsel  as  to  the  effect  of  the  issues,  and  the 
proper  construction  of  the  claims  of  Sickels’  patent,  and  the 
necessity  that  this  Court  should  now  decide  as  to  the  con¬ 
struction  of  such  claims,  and  as  to  what  was  embraced  in  102 
the  apparatus  referred  to  in  the  issues,  and  reserved  further 
argument  and  a  decision  thereon.  To  which  overruling, 
declining,  reserving  and  decision,  and  to  each  of  them,  the 
defendants’  counsel  excepted.) 

Tlie  question  was  then  put  to  the  witness. 

A.  In  this  model  before  me,  as  in  all  other  steam  engines, 
there  is  a  certain  apparatus  for  opening  and  closing  the 
valve  at  certain  proper  periods  of  time ;  and  I  find  that  in 
this  patent,  or  in  the  ajiparatus  before  me,  there  is  a  sub¬ 
apparatus,  by  means  of  whicli  the  valve  is  detached  from 
its  moving  mechanism  at  any  portion  of  the  stroke,  and 
permitted  to  cover  the  opening,  while  the  mechanism  which  1 03 
would  move  it  goes  on  as  if  the  valve  had  not  been  de¬ 
tached.  I  find  further,  that  a  j^ortion  of  that  mechanism 
which  acts  to  detach  the  valve  at  any  portion  of  the  stroke, 
always  latches  the  valve  fast  to  its  moving  mechanism  be¬ 
fore  the  commencement  of  a  stroke,  so  that  it  can  be  moved 
to  open  its  port. 
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104  The  Court. — Does  this  stem,  the  one  which  is  employed 
to  raise  and  close  the  valve,  perform  any  other  function  in 
the  machinery  ? 

A.  None  other. 

3fr.  Keller. — Explain  to  the  jury  the  combination  of 
parts  by  which  this  effect  you  have  stated  is  produced. 

A.  I  find  in  this  blaclv  model,  (which  I  believe  is  the 
same  as  the  patent  drawing,)  a  rod  which  moves  in  oppo¬ 
site  directions,  for  the  purpose  of  lifting  and  shutting  the 

105  valve.  That  rod,  I  suppose,  is  moved  in  some  of  the  ordi¬ 
nary  ways ;  I  do  not  find  it  shown  liere ;  and  I  find  that  be¬ 
tween  this  particular  rod,  (and  we  may  consider  this  lifter 
a  portion  of  the  rod,)  between  this  lifter,  which  is  attached 
to  the  rod  and  the  valve  stem,  is  found  a  spring  latch, 
which  tends  to  close  of  itself  and  unite  the  valve-stem  and 
lifter,  and  which  may  be  opened  so  as  to  permit  the  valve- 
stem  to  fall  and  close  at  any  required  portion  of  the  stroke, 
that  opening  of  the  latch  being  effected  by  means  of  this 

106  adjustable  stop,  which  may  be  moved  up  and  down.  I  find 
the  valve  stem  has  a  notch,  in  which  this  spring  falls  and 
locks  it  fast  to  the  lifter,  and  that  this  catch  throws  the 
spring  out  of  the  notch. 

Q.  If  that  adjustable  piece,  with  its  inclined  plane,  which 
acts  upon  the  latch,  were  removed,  how  would  the  valve 
operate  ? 

A.  Precisely  as  it  does  in  an  ordinary  steam  engine, 
which  does  not  cut  off  at  the  steam  valve.  The  steam 
would  follow  the  piston  through  the  whole  course  of  its 
lOY  stroke ;  the  valve  would  follow  its  moving  mechanism  as  it 
does  in  an  ordinary  steam  engine. 

Q.  State  to  the  jury  what  is  the  object  or  purpose  of  dis¬ 
connecting  the  valve  from  the  lifter  by  which  it  is  opened. 

A.  The  object  of  disconnecting  the  valve  is  to  let  the 
valve  fall  and  close  the  passage  which  leads  from  the  boiler 
to  the  cylinder  of  the  engine,  so  that  the  flow  of  steam  may 
be  stopped  and  that  portion  of  the  steam  already  in  the 
cylinder  may  be  separated  from  that  in  the  boiler. 

Q.  Explain  to  the  jury  the  expansive  action  of  steam,  so 
that  they  may  understand  the  purpose  of  cutting  off  steam 
108  to  let  it  work  expansively. 

A.  In  making  steam  from  a  quantity  of  water  by  a  given 
quantity  of  fuel,  suppose  you  take  a  handful  of  coal,  which 
would  produce  a  cylinder  full  of  steam,  of  the  size  of  a 
pail,  at  a  pressure  of  15  lbs.  to  the  square  inch,  by  the  use 
of  that  handful  of  coal  you  will  drive  the  piston  in  the  pail 
from  one  end  to  the  other,  with  a  pressure  of  15  lbs.  to  the 
square  inch,  or  nearly  so.  The  same  quantity  of  coal  ap¬ 
plied  to  the  water  would  produce  half  a  pail  full  of  steam, 
at  a  pressure  of  30  lbs.  Therefore  if  you  were  to  use  in 
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your  boiler  steam  of  30  lbs.  to  tlie  square  inch,  instead  of  109 
15  lbs.,  and  were  to  drop  your  cut-off  valve  at  the  instant 
the  piston  arrived  at  half-stroke,  you  would  use  up  just  the 
amount  of  steam  produced  by  that  coal ;  but  while  the  pis¬ 
ton  was  going  through  half  the  stroke  ’you  would  have  the 
same  power  given  out  by  it  as  would  be  given  out  by  the 
piston  moving  through  its  whole  stroke  with  a  pressure  of 
15  lbs.  After  the  cut-off  takes  place  the  steam  begins  to 
expand ;  it  is  then  acting  upon  the  piston  with  a  pressure  of 
30  lbs.  to  the  inch,  but  the  piston  goes  through  the  other 
half  of  its  stroke  with  a  pressure  commencing  at  30  lbs.  to 
the  square  inch  and  ending  at  15  lbs.  to  the  square  inch,  so  110 
that  the  whole  of  the  movement  imparted  to  the  piston, 
after  it  has  passed  the  half-stroke,  is  a  clear  gain  above 
what  would  be  obtained  if  vou  used  steam  of  onlv  1 5  lbs. 
and  followed  through  the  whole  stroke. 

Q.  IVhat  is  about  the  proportion  gained  by  cutting  off'  • 
at  half-stroke  i 

A.  That  I  am  unable  to  tell  vou  exactlv.  I  think  it  is 
somewhere  about  a  quarter  of  the  fuel  employed,  as  con¬ 
trasted  with  steam  following  full  2)ressure  through  the 
whole  stroke.  The  piston  is  acted  upon  at  the  instant  the  111 
cut-off*  valve  is  closed,  by  a  pressure  of  30  lbs.,  which  di¬ 
minishes  to  15  lbs.  at  the  end  of  the  stroke. 

Q.  AVould  not  that  make  an  average  of  30  per  cent.  I 

A.  About.  I  would  state,  in  speaking  of  the  pressure  of 
steam,  that  I  am  speaking  of  the  pressure  of  steam  inde¬ 
pendent  of  the  pressure  of  the  atmosphere. 

Q.  Will  you  state  the  mechanical  parts  constituting  the 
combination  to  effect  the  lifting  and  trip])ing  of  the  viffve  ? 

A.  The  mechanical  parts  to  lift  the  valve  are  the  rod,  the 
lifter,  the  valve-stem,  which  is  attached  to  the  valve,  and  112 
the  catch,  which  unites  the  valve-stem  with  the  lifter. 

Q.  A  spring  catch  I 

A.  Yes;  and  the  detaching  parts  are  that  same  spring 
catch,  in  connection  with  an  adjustable  stop,  which  force's 
the  spring  out  of  the  notch,  and  permits  the  valve  to  close 
its  port. 

Q.  It  maybe  partly  repetition,  but  the  object  is' to  in¬ 
form  the  jury  fully  upon  the  subject.  I  will  get  you  to 
state  the  particular  mechanical  function  or  oiiice  'which 
each  member  of  that  combination  performs.  1.13 

A.  This  rod  gives  motion  to  the  lifter. 

Q.  Which  rod  ? 

A.  The  rod  which  takes  hold  of  the  lifter  gives  motion  to 
the  lifter  keyed  upon  it.  The  lifter  carries  a  spring  latch, 
which  enters  the  notch  cut  in  the  valve-stem,  and  while 
thaflatch  is  in  possession  of  the  valve-stem,  the  valve  fol¬ 
lows  the  motion  of  the  outside  rod.  But  wheu  the  spring 
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114  latch  strikes  the  adjustable  stop,  the  latch  is  knocked  out  of 
the  notch  in  the  valve-stem,  and  the  valve-stem  and  valve 
fall,  and  the  valve  consequently  closes  its  port. 

Q.  Are  all  these  essential  to  the  I’esult  specihed  or  de¬ 
scribed  in  the  patent? 

A.  The  outside  rod  might  be  dispensed  with,  and  mo¬ 
tion  might  be  given  directly  to  the  liftei*  in  some  other 
way.  All  that  is  necessary  to  produce  the  result  is,  that 
motion  should  be  given  to  the  valve-stem,  l)y  means  of 
some  apparatus  or  other,  from  which  it  can  be  disconnected, 

115  and  to  which  it  is  connected. 

Q.  Now,  sir,  will  you  state  Avhether  there  is  any  advan¬ 
tage  in  closing  the  valve  more  rapidly  than  the  return  mo¬ 
tion  of  the  lifter  ? 

A.  There  is  a  o'reat  advantairc  in  closing  the  valve  as  ra- 
pidly  as  possible.  If  the  valve  of  a  steam-engine  could  be 
opened  with  the  velocity  of  light,  it  would  be  better  to 
have  it  so  opened  and  closed  than  in  any  other  way — that 
is,  theoretically  speaking.  In  oi’der  to  cut  off  steam  to  great 
advantage,  it  is  necessarv  to  close  the  cut-off  valve  as  ra- 

116  pidly  as  possible,  and  as  near  the  cylinder  as  possible.  If’ 
it  does  not  close  rapidly,  it  produces  what  we  technically 
call  wire-drawing — which  is  the  steam  dribbling  through 
the  opening  between  the  valve  and  its  port,  and  not  acting 
as  effectually  as  if  the  passage  were  opened  and  closed  at 
once. 

Q.  Steam  passes  through  a  small  aperture,  and  the  pres¬ 
sure  is  reduced? 

A.  Yes,  so  that  it  is  not  as  great  in  the  cylinder  as  it  is 
in  the  boiler. 

117  Q.  Do  you  know  if  there  are  any  mechanical  devices 
known  as  equivalents  for  the  several  members  of  the  com¬ 
bination  which  you  have  there  pointed  out,  including  the 
valve  ? 

A.  Yes,  a  liost  of  them. 

Q.  In  your  opinion,  would  it  i*equire  an  exercise  of  the 
inventive  faculties — in  ot  ler  words,  would  it  require  inven¬ 
tion — in  view  of  the  description  in  Sickels’  patent,  to  sub 
stitute  foi*  the  members  of  that  combination  known 
mechanical  equivalents  ? 

llg  (This  question  was  objected  to  by  the  defendants’  coun¬ 
sel,  and  was  ruled  out  by  the  court.) 

Q.  Will  you  state  what,  in  yom*  opinion,  is  the  mode  of 
operation  described  in  the  patent  for  regulating  tlie  closing 
of  the  valve  ? 

A.  I  conceive,  sir,  that  the  valve  is  regulated  in  its  closing 
by  attaching  a  plunger  to  the  prolongation  of  the  valve- 
stem,  or  to  some  rod  rigidly  attached  to  the  valve,  and  by 
putting  round  that  plunger  a  vessel  containing  fluid.  The 
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inside  of  that  vessel  is  bored  out  in  such  a  manner  that  the  119 
plunger,  in  the  lii-st  part  of  its  descent,  shall  move  at  some 
distance  from  the  sides  of  the  vessel,  so  tl:at  the  tluid  can 
pass  freely  between  the  plunger  and  the  inner  side  of  the 
vessel ;  and  at  the  lower  part  of  the  vessel  the  bore  is  con¬ 
tracted,  so  that  when  the  plunger  arrives  there  there  shall 
he  very  little  passage  for  the  tluid  between  the  plunger  and 
the  sides  of  the  vessel.  It  follows  from  this  construction, 
that  when  a  weight  is  attached  to  the  piston  and  dropped 
so  as  to  descend,  the  plunger  will  fall  first  through  that  part 
of  the  vessel  where  the  fluid  can  easily  pass  from  one  side  120 
of  the  plunger  to  the  other,  (between  the  outer  side  of  the 
plunger  and  the  inner  side  of  the  vessel,)  and  when  it 
arrives  at  the  small  part  of  the  vessel  the  motion  of  the 
plunger  will  he  checked,  there  being  scarcely  any  escape 
for  the  fluid.  I  conceive  the  object  is  to  permit  the  valve'^ 
to  cover  its  port  as  rapidly  as  possible,  and  to  check  it  at  the  ) 
instant  it  does  cover  the  valve-port. 

Q.  What  would  he  the  consequences  to  the  mechanism 
if  some  such  mode  of  reo’ulatino:  the  closino:  of  the  valve 

CO  O 

-  were  not  used  H 

A.  The  consequence  would  be  a  jar.  That  weight  would  1121 
fall  with  accelerated  velocity,  and  when  it  brought  up  upon  ' 
any  stop  there  would  be  a  jar  upon  the  valve-gear,  through  ^ 
the  whole  engine ;  and  we  know  from  experience  that  all 
such  jars  deteriorate  an  engine  and  wear  it  out.  The  object 
is  to  have  an  eno^ine  work  as  smoothlv  as  it  can.  so  that  there 
will  be  no  jar  at  all. 

Q.  Is  the  form  of  this  vessel,  above  Avhere  the  fluid 
checks  the  descent  of  the  plunger,  material ' 

A.  Ao,  sir,  I  do  not  conceive  that  it  is  material ;  it 
might  be  square,  circular,  or  hexagonal.  It  would  be  more  122 
difficult  to  guide  a  plunger  into  the  narrow  part,  if  that 
were  square  or  hexagonal,  but  there  would  be  no  difference 
in  the  operation. 

Q.  Is  the  kind  of  fluid  to  be  used  material  ? 

A.  I  do  not  think  it  is.  I  know  of  different  fluids  having 
been  used  in  the  dash-pot ;  some  engineei*s  hold  particularly 
to  one. 


Q.  Does  the  term  "ffiuid,”  in  science,  include  aerifoniY 


gasses  ? 


A.  Yes;  air,  gasses  and  liquids.  It  is  a  generic  term.  , 
Q.  Have  you  examined  the  cut-off  apparatus  of  the  eu^ 
gine  of  the  defendants  ?  t 

A.  I  have  seen  the  engine  at  work  at  Youngs  and  Cut¬ 
ter’s  shop,  and  have  examined  it. 

The  Court.  Does  the  valve-stem,  in  its  operation,  carry 
the  valve  away  from  the  aperture  that  it  closes  I 
A.  It  does. 
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Mr.  Keller.  Will  you  examine  this  model  (defendants’ 
model  of  defendants’  engine,)  and  say  whether  it  corres¬ 
ponds  with  the  engine  which  you  saw  at  work  ?  State 
whether  it  is  a  correct  representation  of  the  cut-off  appara- 

124  tus  of  the  engine  of  the  defendants. 

A.  It  corresponds  in  all  essentials.  It  is  precisely  the 
same,  except  in  one  respect. 

Q.  What  is  that  respect  ? 

A.  I  do  not  see  any  means  in  this  model  of  adjusting  the 
/  distance  between  the  plunger  and  the  rock-shaft  to  which 

vj'  the  plunger  is  attached.  It  may  be  there,  hut  I  do  not 

see  it. 

Q.  Is  there  a  mode  of  adjustment  in  the  engine  ? 

A.  Y  es.  It  appears  to  me  that  there  is  also  a  difference 
in  tlie  position  of  the  aperture  in  the  side  of  the  air  reser- 

125  voir,  as  near  as  I  can  decide  without  measurement. 

Q.  On  a  large  engine? 

A.  I  am  not  positive  about  that  point,  hut  it  apj^ears  to 
me  to  he  so. 

Q.  In  your  opinion,  sir,  is  the  mode  of  tripping  the  valve 

(represented  in  this  model,  as  used  in  the  engine  of  the  de¬ 
fendants,  substantially  like,  or  substantially  different  from 
,  the  mode  of  operation  described  in  Sickels’  patent? 

(The  defendants’  counsel  objected  to  this  question,  and  it 
was  ruled  out  by  the  court.) 

Q.  I  will  ask  you  whether,  iu  your  opinion,  the  combi¬ 
nation  of  parts  for  lifting  and  tripping  the  valve  in  the  de- 
126  fendants’  engine,  is  substantially  like  or  substantially  differ¬ 
ent  from  that  described  in  Sickels’  patent? 

^  A.  I  think  it  is  substantially  the  same.  I  can  tell  better 
by  showing  the  parts. 

Q.  I  will  get  you  to  point  out  from  this  model  and  the 
patent,  why  you  deem  them  alike. 

A.  I  premise  about  that  point,  that  I  do  not  think  it 
makes  any  difference  whether  this  unlatching  gear  makes 
a  communication  between  the  stem  and  the  lifter  at  the 
point  where  it  is  now  shown,  or  whether  it  unlatches  the 
lifter  attached  to  the  stein  from  the  outside  rod.  If  this 
stem  were  rivetted  to  the  lifter,  and  if  the  lifter  were  loose 
upon  the  rod,  and  the  unlatching  apparatus  were  applied  to 
a  notch  on  the  outside  rod,  instead  of  on  the  valve-stem,  I 
should  consider  it  to  be  substantially  the  same. 

Q.  Will  you  point  out  to  the  jury  the  combination,  and 
the  reason  why  you  deem  it  substantially  like  the  combina¬ 
tion  in  the  defendants’  engine. 

A.  In  the  defendants’  engine  this  horizontal  rocking  rod 
is  a  valve-stem,  or  a  prolongation  of  the  valve-stem.  It  is 
the  agency  through  which  this  valve  is  moved.  We  have 
here  another  arm  which  is  keyed  fast  to  this  valve-stem,  and 
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we  have  here  a  rod  which  move:^  backward  and  forward  123 
by  its  connection  with  the  wrist-plate.  At  the  end  of  this 
valve-stem  or  prolongation  of  the  valve-stem,  we  have  an 
arm  keyed  fast  to  it.  From  the  wrist-plate  or  rocking-plate 
moved  by  the  eccentric,  j^roceeds  another  arm,  which  has  a 
notch  in  it,  and  which  can  entrasre  or  diseno^age  with  a  hook 
upon  the  arm,  keyed  fast  to  the  prolongation  of  the  valve- 
siem.  Tliere  is  also  a  spring  underneath  the  arm,  attached 
to  the  rocking-plate,  which  tends  to  keep  the  iiotch  upon 
that -rod  in  connection  with  the  hook  upon  the  arm  of  the 
valve-stem.  The  rod  attached  to  the  wrist-]date  has,  in  this 
particular  engine,  a  compound  motion.  It  moves  in  the  129 
direction  of  its  own  length,  and  also  in  other  directions  per¬ 
pendicular  to  its  length.  The  hook  and  notch  are  kept  in 
gear  by  a  s]jring.  At  certain  portions  of  the  sti’oke,  which 
is  determined  by  the  position  of  a  stop,  moved  by  a  wedge 
upon  a  rod,  the  arm  attached  to  the  wrist-plate  comes  in 
contact  with  the  end  of  that  stop,  and  is  thrown  away  from 
the  hook  on  the  rocking  arm  attached  to  the  valve-stem,  in 
such  a  manner  as  to  break  the  comiection  between  the  valve 
and  its  mo^dng  mechanism.  The  reason  whv  the  arm  at- 
tached  to  the  wrist-plate  strikes  that  stop  is  because  it  has  130 
a  compound  motion,  which  I  before  spoke  of,  so  that  the  rod 
itself  forms  as  it  Avere  an  inclined  plane,  as  it  passes  by  this 
stop.  The  inclined  plane  might  be  measured  between  lines 
drawn  from  the  notch  to  the  Avrist,  Avhen  in  one  j^osition, 
and  from  the  notch  to  the  Avrist  when  in  another  position  ;  so 
that  that  rod  forms  an  inclined  plane  and  strikes  against  this 
stop,  which  is  actuated  by  the  adjustable  Avedges.  "When 
the  arm  on  the  rock-shaft  is  detached  from  the  mechanism 
AAdiich  moves  the  valve,  a  Aveiglit  attached  to  another  ami  131 
upon  that  same  prolongation  of  the  vah^e-stem,  causes  the 
valve  to  cover  its  port,  and  cut  off  the  steam.  Tlie  slam  is 
taken  off*  that  weight  by  its  falling  into  the  reserA'oir.  As 
that  Aveight  falls,  the  air  under  it  first  passes  out  rajldly 
through  the  opening  or  hole  in  the  side  of  this  cylinder. 
AAdiich  is  underneath  the  bed-plate  of  the  engine ;  and,  as 
soon  as  the  plunger  and  AA*eight  have  passed  that  hole,  the  air 
has  no  means  of  escape,  except  between  the  outside  of  the 
jilunger  and  the  inside  of  the  cylinder.  The  Aveight,  there¬ 
fore,  as  soon  as  it  passes  that  hole,  is  arrested  in  its  descent,  132 
and  brings  the  A'alve  up  suddenly  at  tlie  proper  point  for 
closing  the  port.  I  Avill  state,  in  this  connection,  the  same 
as  I  stated  in  tiie  other,  Avith  a  Anew  of  showing  upon  Avhat 
my  Auews  are  based.  Here  is  the  hole  by  AAdiich  this  Aveight 
passes  in  its  descent.  T  on  see  that  the  AA'eight  passes  by  the 
hole  in  its  descent.  On  the  Avorking  engine  it  tails  about 
three-eighths  of  an  inch  beloAA*  the  hole.  The  air  escapes 
through  the  hole  until  the  plunger  passes  it,  and  shuts  it  np. 
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133  and  after  tliat  the  escape  of^ir  is  between  the  outside  of  the 
plunger  and  the  inside  of  the  reservoir  only.  It  makes  no 
ditference  whether  that  hole  be  bored  from  the  inside  of  the 
cylinder  to  the  outside,  or  whether  it  be  a  groove,  carried  up 
in  the  inside  of  the  cylinder — the  air  would  pass  out  through 
that  groove  in  precisely  the  same  way,  until  the  weight 
had  fallen  below  the  bottom  of  the  groove  and  closed  it.  In 
Sickels’  dash-pot  you  find  that  that  hole  is  like  a  groove  in 
the  side  of  the  cylinder,  as  shown  in  the  large  model.  It 
is  necessary  to  close  these  valves  with  considerable  accuracy, 

134  and  in  order  to  do  that,  there  is  in  a  working  engine  a  con¬ 
trivance  which  admits  of  an  adjustment  of  the  length  of  the 
rod  between  the  rocking-arm  and  the  plunger.  If  this  rod 
were  too  long  or  too  short,  the  engine,  of  course,  then  would 
work  badly,  but,  by  adjusting  its  length,  the  port  can  be 
closed  accurately. 

Q.  Is  it  material,  where  an  adjustment  of  that  sort  is 
required,  whether  you  form  the  adjustment  by  shifting  tlie 
distance  between  the  plunger  and  the  valve-stem,  or  by 
shifting  the  cup  or  air  cylinder  ? 

A.  It  makes  no  difterence.  If  this  air  cylinder  or  air 

135  reservoir,  or  air  dash-pot,  underneath,  were  set  upon  a 
screw,  so  that  it  could  be  lifted  or  lowmed,  and  adjusted,  it 
would  have  precisely  the  same  effect  as  if  the  length  of  this 
rod  which  closes  the  valve  were  altered. 

Q.  What  kind  of  valves  were  generally  known  at  the 
time  this  j^atent  was  granted  to  Sickels,  besides  pupjDet 
valves  ? 

(This  question  was  objected  to  by  the  defendants’  coun¬ 
sel  and  was  ruled  out  by  the  court.) 

The  Court  then  adjourned  to  December  22d,  1854,  at  11 

136  o’clock  A.  M. 

December  22d,  1854,  11  o’clock  A.  M. 

The  direct  examination  of  Henry  B.  Benwick,  a  witness 
for  the  plaintiff,  was  resumed  : 

Q.  In  the  working  of  rotating  or  sliding  valves,  is  it  im¬ 
portant  that  the  valve  should  move  beyond  the  point  which 
is  necessary  to  close  the  port  or  aperture  through  v/hich  the 
steam  passes  % 

137  A.  It  ought  to  move  just  far  enough  to  cover  the  port,  and 
no  farther,  when  working  as  a  cut-off,  because  if  it  moves 
past  tlie  port,  force  is  required  to  bring  it  back  again  in 
opening  the  port,  wliicli  would  produce  a  consequent  loss 
of  power  and  motion. 

Q.  I  will  get  you,  sir,  to  describe  to  the  jury  wliat  is  the 
identity  and  the  difference  of  operation  and  construction 
between  the  valve  represented  in  the  defendalits’  model,  and 
that  represented  in  the  plaintiffs’  model. 
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A.  In  defendants’  model  the  steam  is  admitted  into  the  18S 
steam-chest  through  a  pipe  on  the  top  of  the  steam-chest. 

It  flows  in  either  direction  tlirongh  two  passages,  leading  to 
what  ma}"  be  called  the  valve-chambers.  In  each  of  these 
valve-chambers  there  are  two  apertures,  one  connecting  the 
chamber  with  this  prolongation  of  the  steam-pipe,  and  the 
other  connecting  the  chamber  with  the  interior  of  the  cylin¬ 
der.  If  the  crank  of  the  engine  be  placed  in  such  a  posi¬ 
tion  as  it  will  assume  after  the  steam  has  been  cut  ofl‘,  the 
valves  in  both  those  chambers  will  close  the  apertures  that 
lead  to  the  cylinder;  but  when,  by  the  revolution  of  the  139 
crank,  the  piston  has  arrived  at  snch  a  point  that  it  is  about 
to  chano’e  its  motion,  and  it  is  necessarv  to  admit  steam 
upon  the  other  side  of  it,  one  of  those  valves  then  moves 
from  the  aperture  which  leads  into  the  cylinder,  and  permits 
the  steam  to  pass  freely  through  this  prolongation  of  the 
steam-pipe  into  the  cylinder,  so  as  to  cause  it  to  commence  to 
move  in  the  other  direction.  After  it  has  moved  a  certain 
distance  in  that  direction  for  the  required  period  of  cut-oft*, 
the  valve  is  unlatched  from  its  working  mechanism,  as  I  ex¬ 
plained  yesterday,  and  this  weiglit  causes  the  valve  to  return  140 
backward,  so  that  it  covers  tliat  port  again,  and  shuts  the 
hole,  thus  cutting  otf  the  communication  between  the  steam 
in  the  boiler  and  the  steam  in  the  cylinder.  In  order  to 
effect  that  cut-off,  it  is  only  necessary  for  this  valve  to  drop 
just  so  far  as  will  enable  it  to  cover  the  hole.  If  it  drops 
further  than  necessary  to  enable  it  to  cover  the  hole,  on  the 
next  revolution  of  the  engine  this  valve  must  be  moved 
backward.  The  valve,  therefore,  in  this  engine,  acts  as  in 
all  engines  with  four  valves,  and  serves  only  one  purpose, 
which  is  to  open  and  close  the  aperture  leading  out  of  that  141 
valve-chest  into  the  cylinder.  In  the  model  of  Mr.  Sickels’, 
this  opening  on  the  opposite  side  from  tlie  outside  of  the 
rod  would  be  connected  with  the  steam  in  the  cvlinder, 
and  is  technically  termed  a  nozzle.  The  steam  enters  into 
this  steam-chest  tlirongh  a  pipe  attached  thereto.  By  a  pe¬ 
culiar  arrangment  in  that  chest,  the  steam  lies  on  the  top  of 
the  upper  valve,  and  below  the  loAver  A^alve;  and,  when  the 
valve  closes  the  port,  Achich  is  the  present  ])osition  of  the 
model,  the  steam  cannot  enter  into  the  cylinder.  AVhen 
the  vah^es  are  open  the  apertures  leading  into  the  nozzle  142 
from  the  steam-chest  are  open,  and  the  steam  passes  through 
the  ports,  and  through  the  nozzle,  into  the  cylinder.  When 
the  proper  period  for  cut-oft‘  arriA^es,  this  AndAX  is  unlatched 
from  the  lifter,  and  the  A^ah'e  closes  the  port,  and  permits 
the  steam  to  act  by  its  expansive  force  only  upon  the  piston, 
during  the  rest  of  the  stroke. 

Q.  Explain  to  the  jury  in  Avhat  A\ny  the  A^ahm  in  the 
plaintiffs’  model  can  be  constructed,  so  as  to  avoid  the  ne- 
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143  cessity  of  accurate  adjustment  between  tlie  seat  of  that 
valve  and  tlie  jdunger  in  the  dasli-pot,  wliicli  you  have 
stated  would  be  the  same  as  allowing  this  valve  to  move 
farther  than  is  necessary  to  close  the  port  ? 

A.  In  one  manner  in  which  this  double-beat  puppet 
valve  is  employed,  there  is  no  necessity  for  any  change 
in  its  construction,  because  it  has  been  found  that  in  some 
cases  it  is  advantageous  to  key  the  valve  fast  on  the  lifter, 
so  that  it  cannot  revolve,  and  to  let  it  seat  itself  with  a 
slight  jar,  thereby  tending  to  draw  the  conical  portion  of 

144  the  valve  into  the  conical  portion  of  the  seat,  and  make 
it  tighten  itself  at  every  blow.  The  jar,  of  course,  must  be 
graduated  with  nicety.  In  other  cases,  what  is  technically 
termed  a  check-ring,  which  is  a  small  portion  of  a  cylinder, 
is  bolted  on  to  the  upper  and  under  side  of  the  nozzle,  and 
the  inside  of  that  cylinder  is  ground  out  to  precisely  the 
same  size  as  the  outside  of  the  valve.  In  that  case,  the  valve 
closes  its  port  before  the  conical  part  of  the  valve  strikes 
its  conical  seat. 

Q.  In  that  case,  sir,  would  it  result  in  a  loss  of  power,  as 

145  in  the  case  of  the  rotating  valve  moving  farther  than  is  ne¬ 
cessary  to  close  tlie  hole  ? 

A.  In  ordinary  2:>uppet  valves,  not  balanced,  it  would  re¬ 
sult  in  a  much  greater  loss  of  power ;  and  in  puppet  valves 
as  balanced,  it  would  depend  upon  the  nicety  of  the  bal¬ 
ance ;  but  there  would  always  be  a  loss 

Q.  Explain  what  you  mean  by  a  balanced  valve. 

A.  In  my  explanation  before,  I  stated  that  the  steam  was 
above  the  upper  valve,  and  below  the  under  valve.  If,  now, 
I  were  to  cut  one  of  these  valves  off  its  seat  (referring  to 

146  model)  and  nail  it  fast  over  the  port,  permitting  the  other 
valve  to  play  as  it  does^ — ^suppose  we  nail  the  lower  one — 
when  the  upper  valve  was  lifted,  the  steam  would  pass 
downwards  through  this  port  into  the  nozzle,  and  conse¬ 
quently  into  the  cylinder,  just  in  the  same  manner  as  it 
would  if  it  lifted  both  valves.  But,  in  that  case,  the  upper 
valve  would  be  pressed  upon  by  a  force  equal  to  its  area 
multiplied  by  the  pressure  of  the  steam  in  the  boiler ;  and 
when  a  person  commenced  working  an  engine  by  hand,  it 
would  have  to  overcome  that  weight,  at  the  instant  of  open- 

147  ing  the  valve,  at  every  stroke,  and  consequently  so  much 
power  would  be  lost.  Then,  in  order  to  obviate  that,  the 
lower  valve  was  bolted  upon  the  same  stem  as  the  upper 
valve,  and  the  steam  was  permitted  to  ])ass  beneath  it.  Con¬ 
sequently,  when  the  valve  is  closed,  the  steam  presses  up¬ 
wards  on  the  lower  valve,  and  domiwards  on  the  upper 
valve.  If  the  area  of  the  two  valves  were  equal,  no 
force  would  be  required  but  just  sufficient  to  lift  them. 
But,  in  that  case,  a  slight  jar  would  be  apt  to  throw  the 
valve  up  at  an  improper  time,  or  it  would,  perhaps,  not 
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close  itself  to  its  seat.  For  that  reason,  the  lower  valve  148 
is  made  slightly  smaller  in  diameter  than  the  upper  valve, 
so  that  there  is  not  so  many  pounds  pressure  upon  the  lower 
valve  as  upon  the  upper  one,  and  there  is  a  slight  tendency 
to  keep  the  valves  in  their  seats.  Tliat  tendency  depends 
upon  the  amount  of  the  pressure  of  steam,  and  upon  the 
size  of  the  ring  which  you  would  make  hy  punching  a 
smaller  valve  out  of  the  larger  one. 

Q.  IfYill  you  explain  to  the  jury  what  is  understood  hy 
balanced  valves,  as  applied  either  to  rotating  or  sliding 
valves  ? 

A.  The  ordinarv  sliding  valve  is  a  valve  which  slides  149 
over  a  port  as  my  hand  slides  over  this  piece  of  board  (illus¬ 
trating  it).  The  steam  is  admitted  upon  the  top  of  the  valve, 
and  of  coui-se  presses  that  valve  upon  its  seat.  (Witness  ex¬ 
plained  on  the  model,  and  said  there  were  various  other 
wavs  of  balancinty  the  valve,  which  he  was  unable  to  illus- 
trate  without  a  diao:ram.) 

Q.  Will  the  pressure  of  the  steam  in  the  valves  of  the 
defendants’  engine  be  balanced  ? 

A.  So  far  as  I  can  judge  from  this  model,  the  valve  itself, 
in  this  case,  appears  to  be  capable  of  slight  motion  in  the  150 
direction  of  the  perpendicular  to  its  stem,  upon  the  piece 
of  iron  which  is  here  inserted.  In  that  case,  the  steam,  when 
this  valve  was  shut,  and  the  piston  was  travelling  in  a  di¬ 
rection  towards  me,  would  press  upon  this  part  of  the  valve, 
and  hold  it  firmly  down  upon  its  seat. 

Q.  Resulting  in  a  waste  of  power  necessary  to  overcome 
that  pressure  ? 

A.  If  the  valve  were  fastened  rigidly  to  that  stem,  it 
would  have  no  profusion  for  wear,  and,  after  working,  it 
would  be  apt  to  make  the  stem  lock. 

Q.  Yesterdav  vou  told  us  that  you  found  in  the  defend-  151 
ants’  engine  substantially  the  same  combination  which  is 
found  in  Sickels’  patent.  Will  you  give  your  reasons  why, 
in  your  judgment,  the  combination  is  substantially  the 
same  ? 

A.  I  find  in  both  engines  a  valve-stem,  communicating 
with  a  valve ;  I  find  in  Sickels’  what  is  technically  called  a 
lifter,  and  in  the  defendants’  engine  a  rod  upon  the  rock- 
shaft  arm,  which  is  equivalent  to  the  lifter  ;  and  I  find,  in 
order  to  communicate  motion  to  the  valve,  an  arm  or  rod 
having  a  reciprocating  motion.  I  find  that  that  arm  is  locked  152 
fast  to  the  lifter,  in  Corliss’  machine,  when  it  is  necessary 
to  open  the  valve,  and  when  it  is  time  for  the  valve  to  close, 
that  that  connection  is  broken.  I  find  that  it  depends  for 
that  action  of  making  and  breaking  the  connection  upon  a 
spring  catch  or  latch  ;  and  I  find  in  botli  engines  an  adjust¬ 
able  stop  for  regulating  the  period  when  that  catcli  shall 
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be  unlatched,  in  order  to  permit  tlie  valve  to  close  its  port. 
I  do  not  know  that  it  is  necessary  to  point  out  again 
tlie  same  parts  in  tlie  Sickels  engine.  I  find  that  the 
valve  in  tins  (Corliss’)  engine  is  brought  to  its  seat  by 
a  weight  ultimately  attached  to  the  stem.  I  find  that  in 
Sickels’  engine  the  valve  is  brought  to  its  seat  by  its  own 
weight,  attached  to  the  stem,  and  by  the  weight  of  the 
plunger  attached  thereto.  I  find  in  botli  instances  that  that 
plunger  passes  freely  in  a  reservoir  wliere  there  is  an  escape 
of  fluid  from  one  side  to  the  other,  and  that  it  after¬ 
wards  gets  into  a  part  of  the  reservoir  where  the  escape  is 
very  much  contracted,  and  which  contracted  portion  of  the 
escape  is  so  placed  that  it  shall  close  the  valve  with  some 
tolerable  suddenness — arrest  its  motion  promptly. 

Q.  When  you  saw  the  defendants’  engine  at  work,  did 
you  find,  upon  the  descent  of  this  weight  which  closes  the 
valve,  any  rebound  ? 

A.  I  found  none.  I  directed  my  attention  carefully  to 
that  point.  I  placed  my  hand  upon  the  small  rod  which 
connects  the  valve  with  the  plunger,  and  found  that  it  de¬ 
scended  rapidly  at  first,  was  then  checked,  and  descended  a 
little  fartlier  very  slowly ;  but  I  could  not  perceive  any 
rebound  at  all. 

Q.  ]^ow,  as  a  matter  of  mechanics,  so  far  as  regards  any 
injury  to  the  valve  and  its  connection  with  the  seat,  is  there 
any  material  difierence  between  stojDping  the  valve,  by 
allowing  the  weight  connected  with  it,  and  which  weight 
closes  the  valve,  to  be  arrested  suddenly  by  striking  a  solid 
body,  or  letting  the  valve  itself  strike  a  solid  body'^ 

A.  The  jars  would  be  the  same  in  both  instances.  There 
is  a  difference  of  opinion  among  engineers  with  regard  to 
the  fact  of  the  slight  slam  at  the  moment  of  closing.  Some 
engineers  think  that  a  slight  slam  in  puppet  valves,  at  the 
moment  of  closing,  is  advantageous,  and  others  say  that  it 
is  hurtful. 

Q.  'Now,  sir,  with  reference  to  the  arrangement  in  the 
defendants’  model,  if  the  weight  which  causes  the  valve  to 
close  suddenly  were  to  be  suddenly  checked  by  falling  upon 
the  bed-plate  of  the  machine,  what  would  result'  from 
that  ? 

A.  It  would  impart  jars  and  vibrations  to  the  whole 
machine,  and  also  a  sudden  rocking  motion  to  the  valve 
upon  its  seat,  which  would  not  do  the  valve  or  seat  very 
much  good. 

Q.  As  a  question  of  practical  mechanics,  if  I  allowed  a 
rod  of  iron  to  come  down  suddenly  and  strike  a  heavy  blow, 
is  the  injury  to  that  piece  of  iron  confined  to  the  place 
which  comes  in  contact,  or  does  it  affect  every  part  of  the 
rod  throughout  its  entire  length  ? 
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A.  It  affects  strictly  tlie  whole  of  the  rod.  15S 

Q.  Do  YOU  know  of  any  examples  in  engineering  where 
it  has  been  manifested  ? 

A.  It  is  manifested  most  particularly  in  tlie  axles  of  rail¬ 
road  cars,  where,  although  the  jar  is  entirely  upon  the  wheel, 
we  find  that  the  axle  rapidly  deteriorates  from  the  jars 
which  it  receives,  and  becomes  weaker  and  weaker  every 

Q.  Are  you  familiar  witli  the  Xasmyth  steam-hammer? 

A.  Tolerably  so  ;  hut  that  patent  is  based  upon  the  con¬ 
trivance  of  a  spring  so  placed  as  to  obviate  iu  some  degree  159 
the  effect  of  the  jar  upon  the  rod. 

Q.  You  have  stated,  sir,  that  in  the  opinion  of  some 
engineers  a  slight  slam  when  tlie  pu})pet  valve  reaches  its 
seat,  is  of  advantage.  Xow,  would  the  slam  which  the 
valve  would  receive,  if  not  checked  by  the  dasli-pot,  he  such 
a  slam  as  you  have  reference  to  ? 

A.  Xo,  sir,  it  would  he  too  great.  If  the  valve  were  not 
checked  by  the  dash-j^ot,  probably  it  would  fall  through  its 
seat,  in  an  eno-ine  of  anv  size. 

Q.  In  puppet-valves,  is  there  any  danger  of  the  valve  160 
rebounding  when  it  closes  ? 


A.  Debounding  from  its  seat  ? 

Q.  Suppose,  in  using  the  dash-pot  described  in  Sickels’ 
patent,  if  air  were  used  instead  of  water,  would  there  be  any 
danger  of  the  valve  rebounding  bv  reason  of  the  elasticity 
of  the  air  ? 

A.  I  think  none.  As  I  stated  before,  both  in  tl  le  double-beat 
or  balanced  valve,  and  in  the  single  valve,  there  is  a  ])ressure 
of  steam  tending  to  keep  the  valve  upon  its  seat,  wlienever 
the  valve  is  down,  and  the  pressure  in  the  boiler  is  greater 
than  the  pressure  in  the  cylinder.  Xow,  if  the  valve  be  161 
brought  very  near  to  its  seat,  without  actually  touching  it, 
it  checks  the  flow  of  steam  from  the  boiler  into  the  cylinder, 
and  in  that  way  diminishes  the  pressure  of  the  steam  on  the 
cylinder  side  of  the  valve.  The  instant  the  pressure  of  the 
steam  is  diminished  upon  the  cylinder  side  of  the  valve, 

there  is  a  tendency  for  the  steam  to  seat  the  valve  into  its 

• ' 

seat,  and  if  the  valve  were  checked  just  before  it  reached 
its  seat,  or  even  bounced  up  when  it  reached  its  seat,  the 
pressure  of  the  steam  would  shut  it  and  hold  it  tight.  162 

Q.  In  your  judgment,  do  you  see  any  difliculty  in  sub-  ^ 
stituting  air  or  other  gasses  for  water  in  the  Sickels’  dash- 
pot  5 

A.  I  see  no  difficulty,  except  that  it  would  require  some 
experiments  to  determine  the  size  of  the  dash-pot,  and  the 
size  of  the  passage  for  the  air  to  pass  from  one  side  of  the  \ 
cylinder  to  the  other;  just  in  the  same  way  as  it  did  to 
detemiine  experimentally  the  size  of  the  dash-pot  and  the 
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163  size  of  tlie  passage  when  it  was  attempted  to  employ 
water. 

Q.  The  graduation  would  have  to  depend  upon  the 
density  of  the  fluid  used  ? 

A.  Tes. 

Q.  I  will  ask  you  whether  water  is  perfectly  non-elastic, 
or  whether  it  is  elastic  ? 

A.  Water  is  well-known  to  be  slightly  elastic. 

Mt.  Blatchford. — Q.  Pure  water  ? 

A.  I  do  not  know  where  you  will  find  pure  water.  In 
the  experiment  made  by  Professor  Henry,  he  used  perfectly 

164  pure  water — at  least  as  pure  as  he  could  make  it  by  the 
nicest  chemical  tests — and  he  found  that  he  was  able  to 
compress  the  water  sensibly ;  and  therefore,  of  course,  water 
is  elastic. 

Mr.  Keller. — Both  in  Sickels’  dash-pot  and  in  the  dash- 
pot  used  by  the  defendants,  is  or  not  the  aperture  for  the 
escape  of  the  fluid  gradually  contracted  by  the  descent 
of  the  plunger  ? 

A.  On  the  model  it  is  not  shown. 

Q.  Then  take  it  as  described  in  the  patent. 

165  A.  As  the  plunger  descends  in  Mr.  Sickels’  dash-pot,  the 
fluid  which  he  employs  can  escape  from  the  one  side  of  the 
plunger  to  the  other,  through  an  aperture  the  size  of  which 
is  measured  by  the  ring  which  could  be  placed  between  the 
outside  of  the  plunger  and  the  inside  of  the  reservoir.  As 
the  plunger  descends  towards  the  smaller  part  of  the  reser¬ 
voir  below,  there  will  arrive  a  time  when  the  ring  between 
the  upper  edge  of  the  contracted  part  of  the  reservoir  and 
the  lower  part  of  the  plunger  will  bo  of  less  area  than  the 
ring  between  the  outer  edge  of  the  plunger  and  the  inner 

166  side  of  the  reservoir.  As  it  descends,  that  space  will 
gradually  contract,  until  the  plunger  barely  enters  into  the 
small  part  of  the  dash-pot,  and  the  water  then  can  escape 
only  through  a  very  small  space  between  the  outer  circle  of 
the  plunger  and  the  inner  2:>eriphery  of  the  contracted  part 
of  the  dash-pot. 

Q.  How,  with  reference  to  the  defendants’  model  ? 

A.  As  this  plunger  descends,  the  air  passes  out  freely 
through  this  aperture,  which  we  have  here,  (illustrating  on 
defendants’  model)  until  the  bottom  of  the  plunger  gets  to 

167  the  top  of  the  aperture.  The  plunger  then  commences  to 
close  the  aperture  gradually,  and,  after  the  bottom  of  the 
[)1  linger  has  passed  the  lower  part  of  the  aperture,  the  air 
tlien  can  only  escape  through  the  narrow  space  between  the 
outer  peri])hery  of  the  plunger  and  the  inner  side  of  the 
dash-pot. 

The  Court. — Can  you  determine  whether  tJie  inner  bore 
of  the  defendants’  dash-pot  diminishes  towards  the  bottom  ? 
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A.  The  bore  in  the  defendants’  dash-pot  does  not  diinin-  1 68 
ish.  The  stopping  of  the  plunger  is  caused  by  the  pressure 
of  the  air,  after  the  plunger  has  passed  and  closed  the  aper¬ 
ture. 

J/r.  Jenckes. — Are  the  piston  and  cylinder  entirely  cylin¬ 
drical  from  top  to  bottom,  or  is  there  a  contraction  below 
the  aperture  ? 

A.  The  defendants’  c^dinder  is  bored  out  the  same  size 

c 

throughout. 

J/y’.  Keller. — In  other  words,  do  yon  find  in  the  defend¬ 
ants’  dash-pot  an  equivalent  for  the  reduced  diameter  of  169 
the  reservoir  into  which  the  plunger  enters  in  Sickels’  dash- 
pot,  at  the  time  that  it  brings  up  the  valve  ? 

•  A.  I  do ;  that  is,  the  hole  passing  through  the  side,  which 
admits  of  the  free  escape  of  air  from  the  one  side  of  the  plun¬ 
ger  to  the  other,  imtil  the  plunger  has  passed  that  hole. 

Q.  When  the  plunger,  in  Sickels’  dash-pot,  enters  the 
lower  reservoir,  and  has  gone  entirely  into  it,  is  there  any 
more  space  between  the  outer  ch’cnmference  of  the  jdunger 
and  the  inner  cu’cnmference  of  the  cup,  than  there  is  be¬ 
tween  the  inner  circumference  of  the  cylinder  and  the  outer  170 
circumference  of  the  plunger  in  the  defendants’  ? 

A.  I  think  in  a  practical  machine  that  the  fit  is  not  quite 
so  tio^ht  in  Sickels’  as  in  the  cvlinder  of  the  defendants',  be- 
cause  the  fiuids  used  in  the  former  cannot  pass  through  a 
small  hole  so  rapidly  as  the  air  used  in  the  latter. 

Q.  Looking  at  the  dash-pot  of  the  defendants’,  and  the 
description  of  the  dash-pot  in  Sickels’  patent,  do  you  find 
any  means  in  the  defendants’  dash-pot  of  relieving  the  pres¬ 
sure  of  the  air  at  the  time  of  lifting  the  plunger  ? 

A.  I  find  in  the  bottom  of  the  defendants’  dash-pot  a  171 
small  valve  opening  upwards.  When  the  plunger  com¬ 
mences  to  rise,  after  it  has  passed  the  small  hole,  it  will  of 
course  make  a  partial  vacuum  under  the  plunger. 

(Witness  described  on  defendants’  model,  and  explained 
liow  the  air  entered  throuo^h  the  small  valve  underneath 
the  plunger.) 

Q.  Do  you  find  anything  in  Sickels’  patent  to  relieve 
that  pressure,  at  the  time  of  lifting  the  plunger  ? 

A.  I  do.  I  find  in  Sickels’  patent  that  there  is  described 
a  small  valve  underneath  the  plunger,  and  upon  the  same  172 
stem  by  which  the  plunger  is  carried.  I  also  find  that  there 
are  holes  bored  through  the  plunger. 

Jfr.  Jenckes. — Through  the  top  \ 

A.  All  the  way  through.  As  the  plunger  descends,  this 
valve  rises  and  closes  those  holes,  so  that  no  water  can  pass 
through  them,  but  so  that  all  the  fiuid  must  pass  around 
the  edges  of  the  plunger.  After  the  plunger  has  seated 
itself  in  the  small  part  of  the  reservoir  below,  and  com- 
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1Y3  ineiiccs  to  ascend,  tliis  little  valve  will  drop,  and  tlie  water 
will  pass  tlirongli  these  holes,  so  as  to  aiaive  under  the 
plunger  and  thereby  prevent  the  formation  of  a  partial  vac- 
mini  under  the  ])lnnger  when  yon  lift  it,  and  the  loss,  of 
power  that  Avonld  he  consequent  upon  that  partial  vacuum 
below  the  plunger. 

Q.  With  a  view  to  relieve  that  pressure  of  the  lifting  of 
the  ])lunger,  does  it  constitute  a  substantial  difference 
whether  the  valve  be  in  the  bottom  of  the  cylijider  or  in 
the  plunger  itself? 

174  A.  It  makes  no  difference  that  I  can  perceive.  The 
valve  opening  downwards  in  Sickels’  plunger  would  have 
the  same  effect  as  the  valve  opening  in  the  bottom  of  de¬ 
fendants’  cylinder. 

Q.  Did  I  understand  you  to  state,  yesterday,  whether  in 
the  engine  used  by  the  defendants  you  found  a  means  of  re¬ 
gulating  or  adjusting  the  position  of  the  plunger  relatively 
to  the  position  of  the  valve  ? 

A.  I  found  the  means  of  regulating,  so  far  as  I  could  dis¬ 
cover  from  the  examination  that  I  made,  the  length  of  this 

175  rod,  and  regulating  this  rod  would,  of  course,  regulate  the 
distance  between  the  bottom  of  the  plunger  and  the  face  of 
the  valve,  and  would  regulate  the  relative  distance  between 
the  valve  ami  the  small  ])art  of  the  dash-pot. 

Q.  Is  tliat  substantially  like,  or  substantially  different 
from  the  mode  of  regulation  described  in  Sickels’  patent  ? 

A.  As  I  said  yesterday,  I  do  not  see  that  there  would  be 
any  difference  in  raising  or  lowering  this  small  dash-Y)ot,  or 
altering  the  length  of  the  rod  which  supY^orts  the  Yffmiger 
that  falls  into  it. 


176  On  being  cross-examined  by  Mr.  Jenckes,  one  of  the 
counsel  for  the  defendants,  the  witness  IIenuy  B.  Ben  wick, 
testified  as  follows  : — 

Q.  Will  you  look  at  this  model  (handing  witness  a 
mahogany  model  of  both  of  the  aYq)aratus  described  in 
Sickels’  patent)  and  examine  it  in  connection  witli  tJie  draw¬ 
ings  of  Sickels’  SY^ecification,  and  state  how  it  conqiares  with 
them  ? 

A.  The  Y^lnnger  here  is  a  little  out  of  order,  and  requires 

177  adjustment.  With  that  exception,  it  ajiY^ears  similar  to  the 
black  model  Y^i^oduced,  exceY^t  that  the  dash-pot  is  here 
shown  in  sectioi]. 

Q.  Point  out  the  parts  of  the  dash-pot  to  tlie  jury,  as 
shown  in  that  section  ? 

A.  The  Y^ar'c  of  the  dash-Y^ot  where  the  Y>h^nger  descends 
rapidly,  the  water  Y^assiiig  freely  from  one  side  of  the 
Yilunger  to  the  other,  is  shown  in  this  model.  The  con¬ 
tracted  part  of  the  dash-pot,  where  the  water  Y^asses  with 
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difficulty,  and  the  passage  is  very  imicli  contracted,  is  this 
cup  or  secondary  reservoir,  Avliich  rests  u]^on  a  screw  ])ass- 
ing  tlirougli  the  bottom  of  the  dash-pot.  The  valve,  which 
I  explained  as  shutting  upon  the  downward  passage,  is  re¬ 
presented  by  this  white  piece  of  wood,  and  you  will  ])er- 
ceive  the  holes  in  the  plungei*,  through  which  the  water 
may  pass  during  the  upward  motion  of  the  plunger,  so  as  to 
prevent  a  ^^^I’tial  vacuum,  after  the  plunger  has  tallen  into 
the  small  part  of  the  dash-pot. 

Q.  Is  that  an  accurate  representation  of  those  parts  ? 

A.  It  is  accurate  enough  for  representation,  though  the 
parts  are  not  so  accurately  adjusted  as  to  work. 

Q.  In  both  those  models  of  Sickels’  machine,  have  you 
not  a  lifter  in  the  common  form  of  lifter  described  ? 

A.  If  you  will  state  what  you  mean  by  the  lifter,  I  will 
answer  your  question.  Engineers  call  it  by  different 
names. 

Q.  I  refer  to  that.  Is  not  that  a  part  of  the  valve-gearing, 
as  we  commonly  see  it  on  steamboats  ? 

A.  ETo  ;  many  are  arranged  without  it. 

Q.  As  we  commonly  see  it? 

A.  All  the  marine  engines  now  built  by  the  Aovelty 
AV orks,  are  without  them. 

Q.  AVithout  this  valve-gear  ? 

A.  AVithout  lifters. 

Q.  I  speak  of  the  lifter  as  part  of  the  valve-gear  ? 

A.  Many  of  them  are  made  without. 

Q.  Ten  or  twelve  years  ago,  how  was  it  ? 

A.  AYatt  made  his  enmnes  without  it. 

Q.  In  1841  or  1842,  what  was  the  conimo]i  valve- <i'eariiii>’ 
used  ? 

A.  The  most  ordinary  valve-gearing  had  that  form  of 
lifter. 

Q.  As  the  puppet-valve  was  then  used,  was  it  in  the  form 
also  represented  upon  the  model?  ATas  that  the  common 
mode  of  constructing  puppet-valve-geariug  ? 

A.  Do  you  mean  the  valve  or  the  gear  ? 

Q.  The  valve,  and  the  valve-stem  ;  the  connection  with 
the  lifter,  and  the  lifter  ? 

A.  That  was  then  an  uncommon  mode  of  making  pu])])et.- 
valves ;  I  think  there  were  more  unbalanced  valves  used  at 
that  time  than  balanced  valves. 

Q.  In  other  particulars  than  that? 

A.  In  the  particulars  of  the  gearing,  this  outside  rod, 
lifter  and  valve-stem,  are  as  ordinarily  employed. 

Q.  I  am  referring  to  the  valve-gearing.  The  balanced 
valve  was  known  before  that  time.  AA^as  it  not  then  in 
common  use  ? 

A.  It  was  in  use. 
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183  Q.  The  mode  of  working*  both  single  valves  and  balanced 
valves,  was  as  represented  in  that  model  ? 

A.  Kot  exactly  ;  because  the  single  valve-gearing  has  a 
hollow  stem,  and  one  lifter  works  over  the  other, — an  in- 
and-ont  arrangement,  which  looks  very  different  from 
this. 

Q.  That  model  represents,  as  yon  have  explained,  the 
balanced  valve  ? 

A.  Yes. 

Q.  Portions  of  that  valve-gearing,  lifter,  valve-stem  and 

184  the  valve  itself,  all  move  in  right  lines,  do  they  not  ? 

A.  As  nearly  as  they  can  be  got  to  do  so  ;  but  the  out¬ 
side  lifter  never  can  be  made  to  move  in  a  right  line. 

Q.  It  moves  through  guides  ? 

A.  Yes ;  and  as  near  as  the  guides  can  keep  it,  it  moves 
in  a  straight  line  ;  but  it  always  vibrates. 

Q.  They  move  also  in  parallel  lines  ? 

A.  The  stem  and  the  lifting  rod  do. 

Q.  And  the  valve,  of  course,  partakes  of  the  motion  of 
the  stem  ? 

185  A.  Yes. 

Q.  In  both  the  models  of  Sickels’  patent  before  you,  the 
valve-stem  is  a  piece  of  metal  that  passes  through  the 
valve  ? 

A.  Ho;  it  commonly  terminates  at  the  upper  valve  liere^ 
(illustrating.) 

Q.  It  is  continued  through  both  valves  ? 

A.  Yes. 

Q.  You  give  the  name  of  valve-stem  to  the  ui)i3er 

186  part? 

A.  Yes. 

Q.  When  the  valve-stem  is  referred  to,  in  the  description 
of  this  model,  and  in  the  specification,  it  refers  to  the  sj^in- 
dle  above  the  upper  valve  ? 

A.  The  spindle  by  which  the  valve  is  actuated,  and  that 
portion  above  the  upper  valve,  I  would  call  a  prolongation 
of  the  valve-stem. 

Q.  Will  you  examine  how  this  valve-gear,  which  is  re¬ 
presented  in  Sickels’  model ;  is  moved ;  how  motion  is 

187  iin]:>arted  to  this  lifter,  and  through  it  to  the  valve-stem 
and  the  valve  ? 

A.  Motion  is  imparted  to  that  lifter  in  various  Avays, — 
but  the  usual  method  is  by  a  rocking  shaft,  Avhich  occupies 
a  position  beloAv  the  lifting-rod,  Avhich  has  a  toe  upon  it 
which  acts  upon  a  foot  upon  the  lifter.  (Witness  explained 
on  the  model.) 

Q.  How  is  motion  imparted  to  the  toe  ? 

A.  Through  the  eccentric. 
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Q.  Tlie  kind  of  valve-gear  yon  have  described,  is  tliat  re¬ 
ferred  to  in  this  specification  i 

A.  I  do  not  know,  because  I  do  not  think  Sickels  de¬ 
scribes  any  way  in  which  motion  is  given  to  this  ontside 
rod. 

Q.  The  language  is,  “  in  the  nsnal  way  ?’* 

A.  That  would  be  an  unusual  wav. 

Q.  Would  it  not  be  the  most  usual  way,  when  this  speci¬ 
fication  was  drawn  ? 

A.  The  most  usual  way  in  steamboat  engines ;  but  not  in 
anv  other  eno^ines. 

Q.  This  form  of  steam-chest  was  most  usual  in  steamboat 
engines  ? 

A.  les. 

Q.  And  a  steamboat  engine  is  delineated  in  the  draw- 
ing  ? 

A.  I  do  not  so  undei*stand  it ;  all  engines  are  not  made 
exactly  alike. 

Q.  Turning  to  Mr.  Corliss’  model,  do  you  find  the  lifter 
in  this  form  ? 

A.  I  find  an  arm  attached  to  the  valve-stem,  by  wliich 
the  valve  is  moved. 

Q.  Will  you  answer  the  cpiestion  ? 

A.  Will  you  define  what  you  mean  l)y  “  form  ?” 

Q.  As  defined  in  this  model,  the  form  of  drawing  in 
which  this  model  was  made.  Do  you  find  the  lifter  in  Cor¬ 
liss’  engine,  made  in  the  form  represented  here  ? 

A.  Ao  ;  this  lifter  here  is  square,  and  the  other  round  ? 

Q.  This  lifter  in  Sickels’  is  part  of  a  combination  for 
working  the  valve  ? 

A.  Yes. 

Q.  It  has  a  form,  as  a  part  of  that  combination  ? 

A.  Yes. 

Q.  A  form  that  was  used  in  ISIl  or  1812  ? 

A.  T  es. 

Q.  Do  you  find  the  form  of  lifter  in  Corliss’  model  ? 

A.  I  find  a  lifter,  not  in  the  same  form. 

Q.  Do  you  find  that  lifter  in  a  different  form  in  Corliss’ 
encvine  from  what  it  is  in  Sickels’  ? 

A.  1  es. 


Q.  Do  you  find  a  valve-stem  in  Corliss’  model,  passing 
throuo^h  the  valve  and  movino’  it  in  the  wav  in  which  Cor- 
liss  valve  is  moved  ? 


A.  Sickels’  moves  in  the  direction  of  its  own  lengtli; 
Corliss’  oscillates  upon  its  own  axis. 

Q.  Do  they  move  in  the  same  way  ^ 

A.  Of  course,  they  do  not. 

Q.  Then  their  motion  is  different ' 

A.  Yes. 
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Q.  Do  you  find  tlie  valve-gearing,  which  is  represented 
in  Sickels’  engine,  lifter,  valve-stem  and  connection  be¬ 
tween  the  valve-stem  and  the  lifter,  in  the  same  forms  ii: 
Corliss’  ? 

A.  h7ot  precisely  in  the  same  forms? 

Q.  Do  you  not,  upon  Corliss’  model,  find  a  different  form 
of  valve-stem, — a  substantially  different  form  of  valve¬ 


gearing  ? 


A.  No;  they  are  substantially  the  same  for  the  effects 
which  they  are  calculated  to  produce. 

Q.  You  say  they  are  substantially  the  same? 

A.  Yes. 

Q.  In  the  mode  in  which  they  operate  ? 

A.  As  near  as  I  can  tell,  Mr.  Corliss’  lifter  moves  back¬ 
wards  and  forwards,  and  Sickels’  lifter  moves  upwaixls  and 
and  downwards. 

Q.  I  understood  you  to  name  the  arm  which  connects 
with  the  rod  passing  through  the  valve,  in  Corliss,’  as  the 
lifter  ? 

A.  Yes. 


Q.  And  this  arm,  connecting  with  the  wrist-plate,  as  the 
lifting-rod  ? 

A.  Yes  ;  I  said  that  this  arm  keyed  upon  the  valve-stem, 
is  called  a  lifter  in  Sickels’  machine  ;  and  that  arm  which 
makes  a  connection  between  the  valve-stem  and  the  lifting- 
rod,  is  what  is  called  a  lifter  in  Corliss’  machine. 

Q.  Do  yon  limit  the  term  lifter  to  any  portion  of  that 
connection  ? 

A.  Yes ;  the  horizontal  portion. 

Q.  Do  you  find  in  Corliss’  machine  the  eccentric  moving 
the  lifter,  or  the  lifting-rod,  tlirough  the  toes  on  the  rock- 
shaft  delineated  in  Sickels’  ? 

A.  No  ;  but  I  find  the  eccentric  moving  the  lifting-rod. 

Q.  There  is  no  substantial  difference  between  the  two  in 
the  mode  of  operation  ? 

A.  Not  for  the  purposes  here  wanted. 

Q.  In  the  mode  of  operation  ? 

A.  As  far  as  the  opening  and  shutting  of  the  valve  is  con¬ 
cerned,  I  see  no  substantial  difference. 

Q.  Do  you  move  the  valve  in  Corliss’  machine  at  the 
same  point  that  you  move  the  toes  of  the  rock-shaft  in 
Sickels’  machine  ? 

A.  No,  sir. 

Q.  Do  you  call  the  shaft  that  modifies  the  motion  of  the 
eccentric  a  rock-shaft  ? 

A.  It  does  not  modify  it ;  the  rock-shaft  vibrates  upon  its 
axis. 

Q.  And  for  that  reason  it  is  called  a  rock-shaft? 

A.  Yes. 

Q.  Does  this  rod  in  Corliss’  machine,  which  passes 
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tkrough  the  valve,  have  another  motion  than  the  rock-shaft? 

A.  Xo  ;  it  is  the  same,  except  in  distance. 

Q.  Tliere  is  no  need,  in  Corliss'  machine,  of  this  contriv-* 
ance  by  which  motion  is  communicated  beyond  this  second¬ 
ary  rock-shaft  to  the  valve  ? 

A.  Xo,  sir;  there  is  no  need  of  it  in  that  machine. 

Q.  I  inquire  whether  the  contrivances  which  you  have 
named — the  lifter,  lifting-rod,  valve-stem,  toes  of  the  rock- 
shaft,  and  toes  of  the  lifter — are  to  be  found,  as  a  matter  of 
fact,  in  the  defendants'  machine  ? 

[The  witness  explained  and  illustrated  upon  the  model, 
the  action  of  the  various  parts  of  the  valve-gearing  in 
Sickels’  machine,  and  pointed  out  what  he  called  the 
‘‘  equivalent  mechanisnr'  in  Corliss’  machine.  The  names 
of  these  parts,  he  said,  depended  upon  the  offices  they  per¬ 
formed.] 

Q.  You  give  different  names  to  all  these  parts? 

A.  Yes;  according  to  the  offices  which  they  perform. 

Q.  In  the  Sickels’  machine  is  there  a  spring  upon  the 
lifter  ? 

A.  Yes  ;  there  is. 

Q.  What  office  is  perfonned  by  that  spring? 

A.  That  spring  latches  the  valve-stem  fast  to  the  lifter. 

Q.  Does  it  perform  any  other  office? 

A.  And  unlatches  it. 

Q.  Any  other? 

A.  Xot  that  I  know  of. 

Q’  Upon  what  does  the  weight  of  the  valve  rest? 

A.  Upon  that  spring  ;  not  upon  the  spring,  but  upon  the 
piece  of  iron  fast  to  it. 

Q.  Then  what  is  attached  to  the  spring  aids  in  lifting  the 
valve  ? 

A.  It  makes  the  connection  between  the  valve-stem  and 
the  lifter ;  it  does  not  aid  in  lifting  it. 

Q.  Is  it  not  necessary  that  the  spring,  or  the  parts  attach¬ 
ed  to  it,  should  pass  through  the  notch  in  the  valve-stem  ? 

A.  I  do  not  understand  you ;  they  pass  into  the  notch. 

Q.  And  come  out  the  other  side? 

A.  Yes. 

Q.  Is  it  not  necessary,  in  that  model,  that  it  should  be  so? 

A.  Yes. 

Q.  This  is  the  proper  construction  indicated  in  the  draw- 
ins:  ? 

Yes. 

Q.  Do  you  find  any  spring  upon  the  defendants’  model 
which  performs  any  such  office  as  that  ? 

A.  It  is  pretty  well  put  away,  sir ;  that  spring  (pointing 
it  out)  keeps  the  lifting-rod  in  connection  with  the  lifter. 

Q.  At  anv  portion  of  the  operatiun  of  that  valve-gearing 
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is  there  any  Torce  exerted  by  this  spring  to  open  the  val'^e, 
or  does  the  valve  operate  as  in  Sickels’  ? 

A.  'Ko. 

Q.  At  any  portion  of  its  operation,  does  the  valve  rest 
against  the  spring  ? 

A.  1^0. 

Q.  The  spring  does  not  aid  in  opening  the  valve  in 
Corliss’  machine  ? 

A.  hTo,  nor  does  it  in  the  Sickels  machine;  it  connects 
the  parts ;  if  you  were  to  take  that  spring  out  (pointing  to 
Corliss’  machine)  that  lifting-rod  would  never  move  that 
valve. 

Q.  Does  the  weight  of  the  valve  rest  upon  the  spring  in 
any  way  ? 

A.  It  does  not. 

Q.  Is  there  an  adjustable  sliding-piece  in  Sickels’  models 

A.  Here  it  is  (pointing  it  out.) 

Q.  It  may  be  taken  on  and  reversed  ? 

A.  Yes. 

Q.  What  would  be  the  effect  of  that  upon  the  point  of 
cut-off  ? 

A.  It  would  cut  off  before  and  after  half-stroke. 

Q.  Would  Corliss’  engine  cut  off  beyond  half- stroke  ? 

A.  I  do  not  think  this  one  here  would  cut  off  beyond 
half-stroke ;  I  am  not  exactly  certain,  for  I  have  made  no 
exact  calculations. 

Q.  Point  out  the  adjustable  sliding-piece? 

A.  This  piece  with  wedges,  in  connection  wdth  these  two 
little  wedges,  makes  an  adjustable  sliding-piece,  which  de¬ 
termines  the  point  at  which  the  engine  should  cut  off. 

Q.  Where  do  you  find  in  Corliss’  the  adjustable  sliding- 
piece,  its  wedges,  and  inclined  planes? 

A.  I  find  that  in  two  places  ;  I  find  that  this  long  black 
rod,  which  moves  backward  and  forward  by  a  motion  de¬ 
rived  from  the  governor,  has  two  wedges  upon  it,  which 
regulate  the  position  of  two  sliding  pieces,  one  for  each 
v^ve,  which,  in  this  (Corliss’)  model,  are  represented  as 
moving  in  a  perpendicular  direction ;  I  said  yesterday  that 
what  I  termed  the  lifter  has  a  compound  motion— one  in 
the  direction  of  its  own  length  and  the  other  perpendicular 
to  its  own  length,  and  that  it  of  itself  forms  an  inclined 
plane,  the  angle  formed  by  which  inclined  plane  might  be 
measured  between  two  lines,  one  drawn  from  the  wrist  in 
one  position  to  the  hook  on  the  lifting-rod,  and  the  other 
drawn  from  the  wrist  in  another  position  to  the  hook  on  the 
lifting-rod,  and  that  that  motion,  in  connection  v^ith  this 
long  black  rod  and  those  sliders  make  the  adjustable  stop 
by  which  the  engine  is  permitted  to  drop  the  valve. 
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Q,  It  is  maving  continually  when  cut  off,  in.  a  direction  208 
from  the  valve,  is  it  not? 

A.  Yes. 

Q.  It  rises  into  an  inclined  position  before  it  effects  the 
cut-off? 

A.  Yes,  (describing  it.) 

Q.  It  is  moving  in  a  directioir  from  the.. valve-stein  ?. 

A.  Yes. 

Q.  When  it  rises  into  an  inclined  position,  da  you  frhd 
the  inclined  plane  in  that  position '? 

A.  Yes. 

Q.  And  you-  say  that  the  motion  which  it  then  derives 
and  which  effects  the  cnt-off,  is.  the  same  as.- the  action  of 
the  wedges  in  Sickels’  machine? 

A.  Substantially  the  same..  209 

Q.  I'm*  a  wedge  to  act,  it  must  move- in  the  direction  nf 
its  apex,  or  something  must  impinge,  against  it  ? 

A.  Yes. 

Q.  When  Corliss’' effects  the  cut-off,  is  it  not  moving  in 
an  opposite  direction  fr-om  its  apex  ? 

A.  Yes. 

Q.  In  order  to  act. as  a. wedge,  it  must  be  moving  in  the 
dii’ection  of  its  apex  or  point  ? 

A.  Xo ;  not  always  ;  for  in  Corliss!  machine,  we  find  one 
which  is  cut  off"  in  another  direction. 

Q.  Well,  then,  in.  Corliss’  machine,, it  does- not  act  as  a  ; 
wedge  ?  / 

A.  It  does  not  act  as  a  wedge.  ' 

Q.  The  three  thing's  to  be  found  in  Sickels’  machine  are :  210 
the  valve-stem,  the. spring  upon  the-  lifter,,  and  the-  adjust¬ 
able  sliding-j^iece,  with  its.  wedges.?. 

A.  Yes.  » 

Q.  What  do  yon  understand  hy  the  immediate  append¬ 
ages”  spoken  of  in  the  plaintiffs’  specification  ? 

A.  I  suppose  he  means  the  valve-stem,,  the  Hffer,  the 
standard  and  the  screw.  I  cannot  say  precisely  what  parts 
he  means., 

Q.  Do  you,  as  an  expert,  mean  to  say  that  you  do  not 
understand  what  he  means  by  that  ? 

A.  I  would  say  it  is  entirely  immateilal. 

Q.  Tlie  claim  is  such  thaT^ou  camiot  give  a  meaning,  to 
satisfv  vom-self,  of  those  words  ?.  211 

A.  Yes  ;  nor  do  I  think  it  necessary.  to..satisty  myself  as 
to  it. 

Q.  You  tliink  it  was  unnecessary  T 

A.  I  do  not  say  that. 

Q.  Then  we  may  presmne  these  words  were  necessaiw. 

Do  von  think  they  have  anv  meaning  tit  all  ? 

A.  He  meant  some  of  these  immediate  appendages,,  hut 
which  ones  I  cannot  state. 


212  Q.  You  cannot  tell  from  the  language  of  the  patent? 

A.  I  cannot  state  what  would  come  within  the  phrase. 
I  am  not  able  to  define  precisely  what  those  immediate 
appendages  are. 

Q.  Define  as  well  as  you  can? 

A.  (Referring  to  the  specification.)  As  he  states  here, 
he  puts  into  the  claim,  “  the  valve-stem  B,  the  sjDring  F 
upon  the  lifter,-,  the  adjustable  sliding-piece  I,  with  its 
wedghs  or  inclined  planes,  and  their  immediate  append¬ 
ages.”  He  leaves  out  the  lifter  itself,  which  is  necessary, 
and  he.  does  not  name  the  manner  in  which  this  sliding- 

213  piece  is  supported  ;  and  I  should  suppose  that  the  most  rea¬ 
sonable  supposition  wms,  that  he  meant  the  lifter  and  the 
support  of  the  adjustable  sliding-piece. 

Q.  Does  he  name  the  stai.dard  ? 

A.  I  do  not  think  he  names  the  standard  in  the  claim. 
He  names  the  set-screw,  because  he  says,  the  adjustable 
sliding-piece,  with  its  inclined  planes.” 

Q.  The  adjustable  sliding-piece  includes  the  set-screw? 

A.  I  think  it  probable, 

Q.  Do  yon  fiaid  a  standard  in  Corliss’  machine  ? 

A.  I  find  a  support  for  the  sliding-piece. 

214  Q.  You  were  pointing  out  the  equivalents  to  the  sliding- 
piece,  and  the  immediate  appendages  on  Corliss’  machine? 

A..  I  was  pointing  out  the  equivalent  to  the  standard — 
this  rectangular  piece  of  wood  with  slides  in  it,  which  sup¬ 
ports  this  long  bar  with  wedges  on  it,  and  the  brass  slides 
which  rise  and  fall  at  the  very  period  of  cutting  off.  I  do 
not  see  any  set-screvv  here,  or  any  equivalent  for  it. 

Q.  In  the  model  of  Sickels’  improvement,  what  is  the 
office  of  the  water  reservoir,  or  the  dash-pot,  as  it  is  com¬ 
monly  called  ?  ^ 

A.  To  check  the  valve  before  it  arrives  at  its  seat. 

Q.  Is  that  all? 

215  A.  That  is  all. 

Q.  Simply  to  check  the  descent  of  the  valve  ? 

A.  To  check  the  descent  of  the  valve  before  it  arrives  at 


the  covering  of  the  port. 

Q.  Does  it  perform  any  other  office  ? 

A.  I  do  not  know  of  any  other.  There  a,re  results  de¬ 
pendent  upon  that  checking  of  the  valve,  but  its  immediate 
office  is  to  check  the  descent  of  the  valve,  and  to  arrest  it 
just  before  it  closes  its  port. 

Q.  A  cup,  or  secondary  reservoir,  is  represented  in  that 
model  ? 

A.  That-is  where  the  descent  of  the  plunger  is  checked 
at  the  proper  time. 

Q.  It  is  described  as  adjustable.  What  is  the  object  of 
having  it  adjustable  ? 
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A.  To  adjust  it  to  the  proper  position  of  the  port,  so  that  216 
the  valve  shall  be  arrested  at  the  proper  moment. 

Q.  Is  it  necessary  to  alter  that  adjustment  in  the  working 
of  the  engine  ? 

A.  Xot  often. 

Q.  At  any  time  ? 

A.  It  is  very  seldom  indeed  altered.  I  have  seen  them 
working  perfectly  well  for  years  without  any  adjustment. 

Q.  I)o  you  consider  this  adjustability  as  necessary  ? 

A.  It  is  in  some  respects  necessary.  When  you  first  put 
an  engine  up,  you  cannot  tell  how  fast  the  valve  is  going  to 
fall,  and  you  must  adjust  the  reservoir  until  you  get  it  in  a  217 
condition  to  work  the  engine. 

Q.  Suppose  you  vary  the  point  of  cut  off,  is  there  any 
necessity  to  vary  this  cup  ? 

A.  I  should  conceive  not,  in  practice ;  there  might  be, 
but  I  do  not  think  it ;  the  mere  varying  of  the  point  of  cut 
off  does  not  require  it. 

Q.  The  distance  through  which  the  valve  falls  varies  with 
the  point  of  cut  off? 

A.  Yes ;  I  do  not  think  it  is  necessary  to  adjust  the  cup  ; 

I  have  nev^er  known  any  case,  in  practice,  where  they  ad¬ 
justed  it  for  altering  the  point  of  cut-off ;  it  might  be,  that  218 
when  you  had  it  just  properly  seated  to  cut  off  at  one-half 
stroke,  and  you  required  to  cut  off  at  one-eighth  stroke, 
there  w^ould  be  a  necessity,  from  some  peculiarity  in  the 
fluid,  or  other  cause,  to  adjust  it. 

Q.  Suppose  it  was  necessary  ? 

A.  Then  I  would  adjust  it,  if  it  was  necessary. 

Q.  Does  the  adjustability  have  any  reference  to  such  a 
case  as  that? 

A.  I  suppose  it  is  adjustable  for  all  causes  where  needed.  • 

Q.  Suppose  you  increase  the  pressure  of  the  steam,  would 
you  adjust  it  men  ? 

A.  Not  within  any  moderate  limits;  if  you  carried  steam 
up  to  100  lbs.,  from  an  engine  working  15  lbs.,  you  might  219 
have  to  adjust  it. 

Q.  Do  you  consider  the  adjustability  of  any  consequence, 
then? 

A.  I  do. 

Q.  And  it  is  valuable  after  the  first  adjustment  of  the 
engine  ? 

A.  Yes. 

Q.  You  have  seen  engines  where  there  was  no  adiusta- 
bility  ? 

A.  I  think  I  have. 

Q.  Do  you  find  any  adjustability  in  Corliss’  machine? 

A.  blot  upon  that  model ;  but  I  found  it  upon  the  en¬ 
gine  ;  I  found  an  adjustment  between  the  plunger  and  the 
arm  upon  the  valve-stem,  to  wdiich  the  plunger  is  attached ; 


220  I  did  not  examine  further,  hut  I  found  there  was  an  adjust¬ 
ment  there. 

Q.  Did  you  look  at  other  connecting  parts  of  the  engine  ? 
A.  'No. 

Q.  Do  you  not  know  the  fact,  that  there  is  an  adjustment 
on  the  other  connecting  parts  ? 

A.  Not  such  an  adjustment  as  there,  (between  the 
plunger  and  the  arm  of  the  valve-stem  to  which  it  is  at¬ 
tached)  ;  the  rock-shafts  are  adjusted.by  keys  in  the  stem  ; 
in  addition,  there  was  a  screw  on  the  bottom,  between  this 
rod  and  the  arm,  which  I  conceive. was  there  for  that  pur- 

221  pose. 

Q.  Had  that  machine  been  used  ? 

A.  I  suppose  it  had. 

Q.  Can  you  conceive  any  case  in  which  it  would  be  ne¬ 
cessary  to  alter  that  adjustment  in  thac  engine? 

A.  In  case  they  put  a  new  dash-pot  into  that  engine,  and 
it  was  rather  stiff,  or  the  plunger  struck  the  bottom  of  the 
dash-pot,  it,  would,  of  course,  be  necessary  to  shorten  the 
rod. 

Q.  Can  you  conceive  a  case  where  it  would  be  necessary 

222  to  adjust  it  more  than  once? 

A.  The  mere  working  of  the  engine  would  cause  a  wear¬ 
ing  of  the  parts,  which  might  require  an  adjustment. 

Q.  Suppose  the  parts  should  become  changed  in  condi¬ 
tion  ? 

A.  If  the  rod  became  longer*,  and  the  valve,  when  it  fell, 
not  able  to  cover  its  port,  in  that  case  it  would  be  neces¬ 
sary  to  shorten  the  rod ;  the  parts  are  all  wearing,  and  are 
continually  changing  their  distance ;  the  principal  reason 
why  I  conceive  the  adjustment  necessary  is,  that  it  is  built 

223  and  placed  on  the  engine  ;  I  suppose  it  was  put  there  for 
some  good  purpose,  and  my  own  convictions  agree  with 
that  sup^DOsition ;  suppose  that  the  rod  were  so  long  that  the 
valve  would  not  quite  seat  itself,  I  can  suppose  that  it  would 
require  adjustment ;  it  would  not  run  well  if  not  so  adjusted. 

Q.  Suppose  you  have  set  up  your  engine,  and  adjusted 
those  parts,  can  you  conceive  circumstances  to  alter  that 
adjustment  ? 

A.  I  can ;  a  good  many  ;  there  is  a  wearing  of  the  differ¬ 
ent  parts  all  the  time;  the  bed-plate  may,  probably,  be 

224  sprung ;  these  connections  in  the  rod  are  varying,  and  a 
great  many  other  different  causes  exist ;  in  order,  therefore, 
to  make  the  engine  work  properly,  it  would  be  convenient 
to  adjust  that  rod. 

Q.  You  refer  to  the  wearing  of  the  engine — not  to  any 
changing  from  high  to  low  steam  ? 

A.  That  might  be  so. 

Q.  Do  you  suppose  that  the  change  from  high  steam  to 
low  steam  would  alter  the  distance  that  the  weight  descends  ? 
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A.  Yes.  225 

Q.  Would  it  be  good  workmanship  to  have  a  weight  so 
light  ? 

A.  Generally  speaking,  they  do  not  calculate  engines  for 
an  extraordinary  change  of  steam  ;  it  would  probably  not 
occur  in  the  usual  working  of  an  engine. 

Q.  State  a  case  in  which  it  probably  would  occur. 

A.  I  have  stated  cases. 

Q.  Those  you  admit  are  extraordinary  cases  ? 

A.  The  wear  of  the  parts  is  an  ordinary  case. 

Q.  When  the  weight  falls,  in  Corliss’  engine,  does  not  the 
valve  lap  over  its  port  ?  226 

A.  It  laps,  certainly. 

Q.  When  the  weight  and  rod  with  which  it  is  connected 
to  the  valve  are  adjusted,  so  as  to  close  that  port  to  a  proper 
distance,  is  it  not  then  suited  to  all  conditions  of  steam  in 
that  engine  ? 

A.  Yes ;  throwing  out  the  wear  of  the  engine. 

Q.  Then,  when  it  is  once  adjusted,  at  the  starting  of  the 
engine,  it  is  adjusted  to  all  the  ordinary  circumstances  of 
the  use  of  that  engine  ? 

A.  Except  the  wear  of  the  engine. 

Q.  All  except  the  wear  ? 

A.  Yes.  227 

Q.  That  takes  place,  gradually,  in  the  parts  ? 

A.  Generally  speaking. 

Q.  Yothing  short  of  some  external  violence  could  change 
it  suddenly  ? 

A.  It  generally  takes  place  gradually. 

Q.  Could  not  the  original  adjustment  of  this  weight  have 
reference  to  the  ordinarv  wear  of  the  enoine  ? 

A.  Xo.  \ 

Q.  Could  it  not  be  adjusted  with  reference  to  the  ordi¬ 
nary  wear,  for  ’a  period  of  one,  two  or  three  years  ? 

A.  Xo. 

Q.  The  causes  that  you  have  given  are  entirelv  proba-  228 
bihties? 

A.  Yes. 

Q.  Do  you  know  of  any  causes  that  would  require  the 
alteration  of  that  adjustment  specially  ? 

A.  I  suppose  there  are  causes  which  would  require  the 
alteration  of  the  length  of  the  rod. 

Q.  If  the  point  of  cut  off  is  varied,  in  Corliss’  machine, 
would  it  become  necessary  'to  adjust  the  position  of  this 
weight  ? 

A.  It  might  be,  and  might  not. 

Q.  What  is  your  opinion  ?  Can  you  conceive  a  time 
when  it  is  necessary  ? 

A.  It  might  be  necessary. 
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Q.  Will  you  describe  tbe  circumstances  under  which  you 
suppose  that  necessity  to  exist,  in  connection  with  the  point 
of  cut  off? 

A.  When  it  was  raised  a  very  little  way,  cutting  off  very 
short  with  a  given  amount  of  steam,  the  plunger  would 
have  very  little  distance  to  fall,  and  it  would  acquire  little 
velocity  before  it  struck  the  inner  parts  of  the  dash-pot, 
and  it  might,  in  passing  through  the  inner  part  of  the  dash- 
pot,  drop  so  slowly  as  to  wire-draw  steam ;  whereas,  if  it 
were  raised  higher  it  would  cut  it  off  in  the  proper  way. 

Q.  What  distance  does  that  weight  traverse  in  an  ordi¬ 
nary  engine  ? 

A.  Different  distances. 

Q.  Within  what  space  ? 

A.  I  think,  in  the  engine  at  Youngs  &  Cutter’s,  the 
weight  travels  some  six  or  eight  inches. 

Q.  Did  you  notice  w^hether  steam  was  cut  off  short  or 
not? 

A.  No  ;  and  even  if  I  had,  I  could  not  tell  whether  the 
valve  was  doing  its  duty  or  not. 

Q.  Can  you  conceive  a  weight  being  so  out  of  proportion 
to  the  engine  that  it  might  affect  it  ? 

A.  Yes. 


Q.  Can  you  conceive  the  case  of  a  well-constructed  en¬ 
gine  of  that  kind  ? 

A.  Yes  ;  I  never  knew  an  engine  yet  that  was  perfect. 

Q.  In  the  Sickels’  model  the  descent  of  the  valve  is 
checked  just  before  closing — that  is  the  object  of  the  reser¬ 
voir  ? 

A.  Yes. 


Q.  Do  you  find  that  operation  in  Corliss’  machine  ? 

A.  It  is,  as  near  as  I  could  decide,  from  looking  at  the 
engine. 

Q.  In  Sickels’  machine  it  must  be  checked  just  before  the 
closing  of  the  valve  ? 

A.  Yes. 


Q.  When  puppet- valves  are  used,  it  is  so  invariably  ? 

A.  Except  a  puppet-valve  with  a  check-ring;  vath  a 
common  balance  check-ring  it  might  be  checked  some  time 
before  closing  the  port. 

Q.  As  described  in  Sickels’  model  ? 

A.  It  must  be  checked  prior  to  the  instant  of  closing. 

Q.  And  the  checking  must  take  place,  in  all  cases,  be¬ 
fore  it  comes  to  its  seat,  in  that  model  ? 

A.  Yes. 

Q.  It  cannot  be  checked  after  the  valve  comes  to  its 
seat  ? 

A.  No. 

Q.  Do  you  find  the  same  effect  in  Corliss’  engine — 
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checking  and  closing  of  the  valve,  jnst  before  reaching  its  233 
seat  ? 

A.  In  Corliss’  model,  it  seems  to  be  checked  jngt^^ter 
the  valve  covers  its  port. 

Q.  It  is  checked  just  after  it  is  closed  ? 

A.  It  checks  just  at  the  instant  it  is  closed  ;  just  at  the 
moment  of  cut  off.  \ 

Q.  It  is  not  checked  before  the  valve  is  closed  ?  ) 

A.  No  ;  just  at  the  moment  of  closing. 

Q.  You  have  stated  that  it  was  desirable  to  close  the 
valves  as  quickly  as  possible  ? 

A.  Yes. 

Q.  “  Lightning  speed,”  I  believe  those  v’ere  your  words,  234 
or  as  near  as  you  can  get  to  it  ? 

A.  Yes,  speaking  tlieoretically. 

Q.  In  Corliss’  engine,  you  have  the  advantage  of  that 
speed,  have  you  not  ? 

A.  That  depends  upon  how  large  the  weight  is,  and  how 
fast  it  drops. 

Q.  If  you  put  a  spring  upon  the  vreight,  you  have  addi¬ 
tional  speed  ? 

A.  Yes. 

Q.  Can  you  have  it  in  Sickels’  macliine  ? 

A.  As  fast  as  the  w^eight  will  carry  it. 

Q.  Clear  up  to  the  time  of  actual  closing  ? 

A.  Just  before.  235 

Q.  And  the  space  of  time  between  the  checking  of  the 
rapid  descent  of  the  valve  and  its  resting  upon  its  seat  ; 
what  is  that  ? 

A.  It  would  be  an  imperceptible  portion  of  time. 

Q.  During  that  period  of  time  the  steam  would  be  wire¬ 
drawing  between  the  valve  and  its  seat  ? 

A.  If  the  steam  could  get  through  in  that  time. 

Q.  But  some  would  ? 

A.  Not  enough  to  make  a  difference. 

Q.  Can  you  not  tell  by  an  indicator  ? 

A.  I  do  not  believe  you  could  measure  it  ;  I  think  it 
would  be  immeasurable;  I  have  never  seen  the  indicator 
applied  to  Sickels’  machine,  but  I  have  seen  people  who 
have  tried  it.  236 

Q.  Have  you  ever  seen  the  indicator  applied  to  Corliss’ 
engine  ? 

A.  I  have  not. 

Q.  Have  you  ever  seen  the  Sickels  cut-oif  in  operation, 
with  any  other  liquid  than  water  in  the  dash-pot  ? 

A.  Yes. 

Q.  What  other  ? 

A.  At  least  I  have  been  told  that  other  liquids  were  in 
the  dash-pot,  but  I  did  not  examine  it ;  some  people  use 
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23Y  molasses,  some  soap-suds, 'and  some  use  a  mixture  of  molas¬ 
ses  and  water. 

Q.  Did  you  ever  know  of  alcoliol  being  used  ? 

A.  I  do  not  know ;  it  might  have  been. 

Q.  Is  that  contrivance,  (Sickels’,)  as  it  stands,  adapted  to 
the  use  of  any  other  fluid  than  water  ? 

A.  If  you  -were  to  change  its  proportions,  it  would  be. 

Q.  As  described  in  the  specification  ? 

A.  Tlie  description  does  not  give  its  proportions  ;  it  does 
not  define  any  proportions. 

Q.  As  delineated  in  the  drawing  ? 

A.  That  I  cannot  tell  you ;  the  drawing  would  not  answer 
’  238  for  a  specific  engine. 

Q.  You  never  saw  it  used  v.dth  any  other  liquids  than 
those  you  have  described  ? 

A.  JSTo. 

Q.  You  say  that  water  is  elastic  ? 

A.  I  do. 

Q.  To  what  extent  ? 

A.  To  a  small  extent. 

Q.  How  small? 

A.  I  cannot  tell ;  I  cannot  tell  the  results  of  Professor 
Henry’s  experiments ;  I  have  made  experiments '  upon  a 
large  scale,  in  pumping  water  into  boilers,  when  we  found 
that  we  could  get  a  great  deal -more  water  into  the  boiler 

239  than  it  would  hold  if  Jiot  forced;  consequently,  it  must  be 
elastic,  or  we  could  not  have  got  it  in. 

Q.  Which  is  elastic,  the  water  or  the  boiler  ? 

A.  The  water. 

Q.  Does  that  afibrd  any  test? 

A.  Yes;  I  have  seen  a  safety-valve  suddenly  opened 
when  the  boiler  was  so  filled  with  water,  that,  by  its  liigh 
pressure,  the  water  would  spout  up  through  the  escape-pipe 
into  the  air  a  distance  of  several  feet. 

Q.  Is  there  not  some  recoil  of  the  boiler  to  account  for 
that  ? 

240  A.  To  some  extent. 

Q.  You  know’  that  the  boiler  is.  elastic  ? 

A.  Yes. 

Q.  And  yet  you  limit  the  degree  of  its  elasticity  ? 

A.  Yes. 

Q.  In  what  proportion  to  its  bulk  is  w’ater  elastic  ? 

A.  Its  elasticity  is  very  small. 

Q.  Give  us  the  fraction;  is  it  one  in  ten  thousand? 

A.  I  do  not  know^ ;  it  is  a  thing  I  never  made  special  in¬ 
quiry  into,  except  the  mere  fact  that  it  is  elastic. 

Q.  As  a  fact  in  science,  can  you  determine  the  degree  of 
its  elasticity  ? 

A.  Ho, 
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Q.  Has  it  the  element  of  elasticity  for  mechanical  pur-  241 
poses  ? 

A.  I  speak  of  it  as  slightly  elastic. 

Q.  Is  there  any  pressure  in  Sickels’  water  reservoir, 
brought  upon  the  water,  which  would  atfect  its  elasticity? 

A.  Not  sensibly. 

Q.  Then  it  is  of  no  sort  of  consequence  in  that  machine  ? 

A.  Yery  little. 

Q.  It  would  be  inappreciable  by  any  known  mode ‘-of 
measurement  ? 

A.  I  think  it  would. 

Q.  That  dash-pot  and  plunger  admits  of  being  regulated, 
does  it  not,  in  the  language  of  the  claim  ? 

A.  To  a  certain  extent.  242 

Q.  Eegulating  the  escape  of  the  v^ater  or  fluid  which  is 
used  ? 

A.  Yes. 

Q.  Do  you  mean  to  say  that  air  can  be  used  in  such  a 
conti’ivance  ? 

A.  I  think  it  could,  by  altering  the  proportions. 

Q.  And  to  regulate  the  descent  of  the  plunger  ? 

A.  Yes. 

Q.  In  the  manner  described  here  ? 

A.  A^es:  I  do  not  see  any  reason  why  the  air  should  not 
check,  if  the  plunger  is  made  to  lit  the  small  part  of  the 
dash-pot  with  nicety. 

Q.  Did  you  eyer  know  it  to  be  done  ?  243 

A.  No. 

Q.  Supposing  it  could  be  done,  would  it  regulate  the  de¬ 
scent  of  the  plunger  by  the  escape  of  the  air,  or  by  the  com¬ 
pression  of  the  air? 

A.  By  the  escape. 

Q.  Entirely? 

A.  Not  entirely  ;  it  must  compress  it  a  little. 

Q.  Would  it  not  compress  it  a  great  deal? 

A.  That  would  depend  upon  the  size  of  the  opening  ;  the 
yessel  would  haye  to  be  made  larger,  and  the  quantity  of 
air  which  would  be  compressedj  if-the  vessel  was  larger, 
would  be  smaller.  044 

Q.  Do  you  mean  to  have  us  understand  you  as  saying 
that  the  air  would  not  be  compressed  in  the  descent  ? 

A.  It  would  be  slightly  compressed,  and  that  would  de¬ 
pend  upon  the  size  of  the  vessel  in  which  it  fell,  and  the 
space  between  the  side  of  the  -plunger  and  the  side  of  the 
reservoir. 

Q.  Would  the  elasticity  of  air  be  an  element  which  von 
might  lay  aside  altogether  in  the  descent  of  thephmger  ? 
Would  it  be  as  inapiDreciable  as  is  that  of  water  ? 

A,  No. 


Q.  Would  it  not  be  something  that  could  be  measured 
and  determined  ? 

A.  Yes,  I  suppose  it  could ;  air  is  more  elastic  than 
water. 

Q.  In  Sickels’  machine,  before  you,  is  the  prevention  of 
the  slamming  of  the  yslIyg  any  object? 

A.  The  preventing  of  the  slamming  of  the  valve  on  its 
seat  is  a  point  upon  which  engineers  differ;  some  say  that 
a  slight  slam  is  beneficial,  and  others  say  that  there  should 
be  no  jar  at  all. 

Q.  What  is  your  opinion  ? 

A.  As  far  as  I  am  concerned,  I  am  planning  a  valve  with 
a  slight  slam  ;  I  think  that  producing  a  very  slight  slam 
would,  in  some  cases,  be  good. 

Q.  Have  you  ever  measured  the  relative  velocity  with 
which  the  valves  in  Sickels’  and  Corliss’  engines  fall  ? 

A.  I  never  stood  upon  an  engine  to  measure  how  many 
inches  the  valve-stem  moves  a  minute.  It  may  be  mea¬ 
sured  by  a  contrivance.  The  general  opinion  is  that  the 
valve  falls  faster  with  Sickels’  dash-pot  than  in  any  other 
way. 

Q.  The  object  of  that  secondary  reservoir  is  to  prevent 
the  slam  of  the  valve? 

A.  Ho,  not  entirely  ;  because  it  may  be  used  not  to  pre¬ 
vent  it. 

Q.  I  speak  of  that  contrivance  as  it  is.  Does  the  specifi¬ 
cation  not  say  that  the  valve  shall  shut  without  slamming? 

A.  I  think  it  does. 

Q.  In  Corliss’  machine,  does  the  valve  slam  at  all  ? 

A.  Ho,  the  valve  does  not  bring  up  against  any  thing. 

Q.  Is  it  possible  so  to  arrange  them  that  they  would  slam 
at  all  ? 

A.  Yes,  very  easily. 

Q.  Slam  against  what  ? 

A.  Against  the  stop. 

Q.  Is  there  any  there  ? 

A.  Ho. 

Q.  Would  thp  tripping  apparatus  in  Sickels’ model  work 
well  unless  connected  with  some  contrivance  for  preventing 
the  slamming  of  the  valves  ? 

A.  Yes,  ihit  were  connected  with  another  species  of  valve. 

Q.  I  refer  to  that  model.  I  say  that  arrangement,  as  it 
stands  there. 

A.  Do  you  include  the  whole  ? 

Q.  I  speak  of  the  apparatus  before  you  for  cutting  off 
steam.  I  ask  you  if  those  valves,  as  they  are  combined  and 
arranged  there,  would  be  brought  to  their  seats  without  en¬ 
dangering  them,  unless  there  were  some  contrivance  for 
arresting  them  in  their  descent,  and  preventing  their  slam¬ 
ming.  I  speak  of  the  puppet-valves. 
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A.  The  puppet  valves  attached  to  Sickels’  arrangement  250 
for  tripping,  as  shown  on  this  model,  would  require,  for  the 
good  working  of  them,  some  method  of  stopping  them  just 
before  they  got  into  their  seats. 

Q.  Is  it  material,  in  Corliss’  machine,  to  check  the  valves 
at  any  period  before  the  ports  are  closed  ? 

A.'^In^o,  sir,  it  is  not.  You  should  check  them  at  the  in-  \ 
stant  that  the  port  is  fully  closed.  J 

Q.  Do  you  consider  that  this  sliding  piece  which  adjusts 
the  point  of  cut-off  in  Sickels’  machine  is  of  any  value  ? 

A.  I  do.  25 1 

Q.  What  is  it? 

A.  To  enable  men,  when  the  engine  is  running,  to  cut  off 
at  different  periods  of  the  stroke,  according  to  the  work 
they  wish  to  do ;  according  to  the  j^ressure  of  steam  in  the 
boiler.  There  are  other  contingencies. 

Q.  The  load  and  the  pressure  of  the  steam  are  changing 
constantly  under  the  ordinary  circumstances  of  use? 

A.  Yes. 

Q.  And  the  men  must  watch  both  ? 

A.  Unless  they  put  a  governor  on  to  their  cut-off.  252 

Q.  What  benefit  is  derived  from  the  cut-off? 

A.  I  explained  that  very  fully  yesterday. 

Q.  I  will  confine  my  question  to  what  is  gained  by  the 
using  of  steam  expansively.  Suppose  you  cut  off  at  half- 
stroke  ? 

A.  I  cannot  determine  the  exact  amount.  I  suppose  it 
is  a  quarter  of  the  fuel. 

Q.  What  do  you  gain  in  the  force  of  the  steam?  We 
will  take  two  pounds  at  50  lbs.  pressure,  and  one  at  100  lbs? 

A.  Take  two  cubic  feet  ?  253 

Q.  Yes.  I 

A.  One  cubic  foot  of  steam,  at  100  lbs.  pressure,  worked  \ 
during  its  whole  stroke,  in  a  cylinder  which  holds  just  one  ' 
cubic  foot,  wdll  do  a  certain  amount  of  work.  Two  cubic 
feet  of  steam,  at  50  lbs.  pressure,  which  can  be  made  by  the 
same  quantity  of  fuel,  will,  in  moving  through  a  cylinder 
of  double  the  size,  do  just  the  same  quantity  of  work.'  Then, 
if  you  put  the  one  cubic  foot  of  steam,  at  50  lbs.  pressure, 
into  a  cylinder  wdiich  holds  two  cubic  feet,  and  cut  off  at 
half-stroke,  it  wnll,  when  it  gets  to  the  half-stroke,  have  25^ 
done  as  much  work  as  two  cubic  feet  at  25  lbs. ;  and,  after  ; 
that,  through  the  rest  of  the  passage  of  the  piston  there  will  ' 
be  a  varying  pressure  upon  the  piston  from  50  lbs.  down  to 
25  lbs.  All  that  pressure  wdll  be  so  much  clear  gain,  be¬ 
cause  we  have  used  just  the  same  amount  of  fuel. ' 

Q.  The  advantage  in  cutting  off  steam  is  tlie  gain  of  the 
expansion  ? 

A .  That  is  the  advantage. 
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Q.  This  gain  has  been  long  known  ? 

A.  It  has.  It  was  discovered  by  Mr.  Watt. 


On  being  re-examined  by  Mr.  Keller,  the  witness,  Henry 
B.  Eenwick,  testified  as  follows : 
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Q.  Looking  at  this  matter  of  the  elasticity  of  the  fluid 
used  in  the  dash-pot,  is  not  the  degree  of  its  elasticity  de¬ 
pendent  a  great  deal  upon  the  velocity  with  which  the 
plunger  strikes  the  fluid,  or  moves  through  it  ? 

A.  You  mean  the  amount  to  which  its  elasticity  is  ex¬ 
erted  ? 

-  Q.  Yes. 

A.  That  depends  upon  the  weight  of  the  plunger,  the  dis¬ 
tance  through  which  it  falls,  and  the  size  of  the  aperture,  as 
I  said  before. 

Q.  Matters,  as  I  understand  you  to  say,  of  mere  propor¬ 
tion? 

A.  Yes. 

Q.  In  the  actual  working  of  the  engine  of  the  defendants, 
I  understood  you  to  say  that  the  pluiiger  Tras  first  brought 
up  and  then  continued  to  move  slowly  for  a  short  distance? 

A.  Yes.  In  the  actual  working  there  is  no  dead  check 
of  the  plunger — I  mean  no  absolute  stoppage  ;  its  motion  is 
suddenly  arrested,  and  it  then  continues  to  fall  farther. 

Q.  I  want  to  know  wdiether  that  fact  of  the  plunger  com¬ 
ing  down,  and  then  continuing  to  move,  is  not  evidence 
that  it  completes  the  last  part  of  its  motion  by  the  escape  of 
the  air  around  the  plunger? 

A.  Yes,  a  certain  portion  of  it;  because,  if  it  were  air¬ 
tight,  it  would  bound  back  again ;  but  I  could  not  see  any 
bounding  back  upon  the  engine,  when  at  work,  after  the 
dropping  of  the  plunger  ? 

Q.  In  your  cross-examination,  you  stated,  that  in  using 
puppet-valves,  as  represented  in  Sickels’  model,  it  is  neces- 
saiy  that  the  plunger  should  check  the  descent  of  the  valve 
a  little  before  the  valve  reaches  its  seat ;  and  that  in  the  de¬ 
fendants’  model  the  valve  is  checked  just  at  the  time  the 
port  is  closed,  and  the  valve  then  moves  over  it ;  and  that 
in  that  state  of  the  case  the  steam  would  slightly  wire-draw 
in  the  Sickels’  machine,  and  not  in 'the  defendants’  ? 

A.  Yes ;  I  stated,  too,  that  the  wire-drawing  could  not 
be  measured. 

Q.  I  wish  to  know  of  you,  as  an  engineer,  which  would 
be  the  more  economical  of  the  t'vo — the  slight  wire-draw¬ 
ing  of  the  steam  in  Sickels’  engine,  or  the  lap  of  the  valve- 
consequent  upon  the  operation  of  the  delendants’  engine  ? 

A.  That  would  depend  upon  the  amount  of  wire-drawfing 
and  upon  the  amount  of  the  lap  ;  they  might  be  made  to 
balance  one^  another,  or  either  can  be  made  to  do  a  grea^ 
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deal  more  harm  than  the  other ;  it  would  depend  upon  a  260 
dozen  different  things. 

Q.  Is  that  difference,  in  your  judgment,  material  ? 

A.  'No. 

Q.  Did  I  not  understand  you  to  testify  that  the  same  lap 
could  he  given  by  applying  the  well-known  check-ring  to 
the  puppet- valves  ? 

A.  Yes;  puppet-valves  with  check-rings  become  a  sort 
of  a  compound  piston  and  puppet-valve. 

Q.  Are  puppet-valves  always,  made  to  move  upon  a  ver¬ 
tical  spindle  ?  261 

A.  IIo. 

Q.  Will  you  give  any  example  of  any  different  position 
of  the  puppet-valves  than  that  of  a  horizontal  seat  ? 

A.  The  old  steamboat  hlovelty,  as  far  as  I  can  recollect, 
had  a  puppet-valve  cut-ofi,  which  was  horizontal ;  and,  in 
the  engine  of  the  TJ.  S.  frigate  Missouri  the  valve-chest 
stood  ac  an  angle  like  thai,  so  that  the  jDuppet-valves  fell  in 
that  way  ;  and,  in  the  oscillating  engines  built  by  the  ^lo- 
velty  Works,  which  cut  off  at  different  periods  of  the  stroke 
in  their  puppet- valves,  the  valves  fall  in  many  different 
angles.  262 

Q.  K  you  should  be  called  upon  to  construct  an  engine 
with  puppet- valves,  upon  a  horizontal  stem,  and  wished  to 
work  upon  the  trip  cut-off  principle  which  is  here  repre¬ 
sented,  how  'would  you  force  the  valve  to  its  seat  ? 

A.  I  should  put  a  weight  and  chain  over  a  pulley. 

Q.  Could  it  be  done  by  means  of  a  rock- shaft  and 
arm? 

A.  Yes,  with  a  weight  upon  the  end  of  it. 

Q.  Xow,  in  making  such  changes,  would  you  require  the 
exercise  of  invention,  or  simply  the  exercise  of  your  mecha-  263 
nical  knowledge  as  an  engineer  ? 

A.  Merely  mechanical  knowledge. 

Q.  In  passing  from  the  use  of  one  kind  of  valve  to 
another,  in  the  construction  of  steam-engines,  is  it  not  ne¬ 
cessary  to  change  the  form  of  the  connecting  parts  of  the 
machine,  to  give  the  required  movements  ? 

A.  They  are  very  much  changed  in  different  engines  ; 
that  is,  the  valve-gear  between  the  eccentric  and  the  valve- 
stem  may  be  very  much  changed  with  the  same  valve,  so 
that  a  person  w^ould  see  the  valve-gear  in  one  and  hardly  264 
know  it  in  another. 

Q.  Are  such  changes  made  by  engineers,  by  the  exercise 
of  invention  or  simply  by  the  exercise  of  their  mechanical 
knowledge  ? 

A.  Some  by  invention  and  some  by  mechanical  know¬ 
ledge.  Putting  two  rock  shafts  and  connecting  them  to¬ 
gether,  instead  of  one,  is  what  a  workman  would  do  himself. 
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^65  There  are  a  great  many  changes  ¥/hich  are  merely  mechani¬ 
cal,  and  there  are  others  which  require  invention. 

Q.  W  as  it  in  view  of  these  changes  that  you  have  stated, 
that  you  find  the  defendants’  machine  and  that  of  the  plain¬ 
tiffs  to  he  substantially  alike? 

A.  I  find  substantially  the  same  devices  for  hooking  and 
unhooking  the  valve  ;  but  I  do  not  mean  to  say  that  I  ever 
saw  them  arranged  precisely  as  they  appear  in  Corliss’ 
model  before. 

Q.  Is  there  anything  stated  in  Sickels’  specification  as  to 
266  the  manner  in  which  motion  is  to  be  communicated  to  that 
stem  or  liftiug  rod  ? 


(Witness  referred  to  the  specification  and  read  the  man¬ 
ner  in  which  motion  is  described  as  being  communicated 
to  that  stem.) 
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Q.  I  will  ask  you  whether  the  lifting  rod  is  not  some¬ 
times,  in  engines,  operated  by  means  of  a  jointed  connect¬ 
ing  rod,  extending  to  a  rock-shaft  ? 

A.  It  was  one  of  the  earliest  ways  of  moving  it. 

Q.  And  in  the  engines  having  sliding  valves,  do  they  use 
these  secondary  rock-shafts  with  the  toes  ? 

A.  They  use  no  toes  in  engines  with  sliding  valves  gene¬ 
rally. 

Q.  What  is  tids  rod? 

A.  That  rod  would  become,  in  the  ordinary  form  of 
sliding  valve  engines,  a  prolongation  of  the  valve-stem  ;  it 
would  change  its  name  according  to  its  purpose. 

Q.  That  is  the  most  general  form  of  common  sliding 
valves  ? 

A.  Yes. 

Q.  I  will  ask  you  whether  there  is  not  known  in  mechan¬ 
ics  a  great  variety  of  modes  for  latching  and  unlatching, 
by  means  of  wedges,  inclined  planes,  cams,  and  a  great 
variety  of  other  instances? 

A.  Yes,  any  number  of  them. 

Q.  Is  that  form  of  latching  and  unlatching  the  lifting  rod 
from  the  lifter  or  arm  on  the  stem  of  the  valve,  in  the  de¬ 
fendants’  model,  a  formal  or  a  substantial  change  from  the 
form  found  in  Sickels’  patent  ? 

(This  question  was  objected  toby  the  defendants’  counsel, 
as  re-opening  the  direct  examination,  and  was  ruled  out  by 
the  court.) 

Q.  In  view  of  the  differences  which  you  have  specified  as 
existing  between  the  defendants’  and  plaintiffs’  models,  in 
the  mode  of  unlatching  or  disconnecting  the  lifting-rod 
from  the  lifter,  is  that  difference  substantial  or  formal  ? 

A.  I  said  that  the  difference  was  formal ;  they  are  sub¬ 
stantially  the  same  methods  of  tripping  the  valve  from  the 
mechanism  which  moves  it. 


The  plaintiffs’  counsel  then  called  as  a  'witness  :  270 


Daxiel  Barxum,  who,  having  been  sworn,  was  examined 
bv  Mr.  Keller,  and  testified  as  follows  : 

Q.  Where  do  yon  reside  i 

A.  I  reside  in  the  citv  of  Xew  York. 

c 

Q.  Will  you  state  to  the  jury  what  have  been  your  means 
of  acquiring  a  knowledge  of  mechanical  science  applied 
to  the  arts  and  of  the  progress  of  inventions  ? 

A.  I  have  been  engaged  in  mechanical  pursuits  from 
the  age  at  which  I  was  old  enough  to  be  employed  at 
any  business,  and  that  is  sufiicient  to  indicate  tliat  it  is  30 
odd  years ;  for  the  last  25  vears  I  have  been  enoraored  more 
or  less  in  running  machinery,  and  in  operating  it  in  various 

wavs. 

« ’ 

Q.  Have  you  particularly  turned  your  attention  to  the 
principle,  construction  and  working  of  steam  engines  ? 

A.  Well,  I  have  had  something  to  do  with  them — con¬ 
siderable. 

Q.  Have  you  read  Sickels’  patent  for  cutting  off  ? 

A.  I  have  read  a  copy  of  it. 

Q.  Are  you  j^ractically  acquainted  with  its  working  ? 

A.  I  have  seen  it  in  operation  in  various  instances — 
generally  on  board  of  the  boats  which  have  been  used  about 
Hew  York  and  other  places. 

Q.  Have  you  examined  the  model  of  the  defendants’ 
engine  ? 

A.  I  have  looked  at  it. 

Q.  I  will  get  you  to  state  to  the  juiw  what,  in  your  opi¬ 
nion,  is  the  combination  of  machinerv  bv  wliich  the  valve 

j  t.  t-  . 

is  tripped  and  closed,  as  described  in  Sickels’  patent  i 

A.  The  combination  of  machinerv  consists  in  a  liftino* 
rod,  a  lifter,  and  the  valve  stem  for  raising  the  valve,  and 
springs,  which  is  operated  by  a  wedge,  shown  upon  the 
model,  for  tripping  it  and  allowing  it  to  fall ;  it  is  arrested 
by  a  dash-pot,  which  is  shown  here  below  ;  that  is  to  be 
filled  with  a  fluid,  which  is  to  arrest  it  just  previous  to  the 
point  of  concussion  of  the  valve  and  its  seat. 

Q.  I  will  get  you  to  examine  the  defendants’  model,  with 
reference  to  those  two  things — the  combination  for  tripping, 
and  the  mode  of  arresting  the  valve.  iState  whether  they 
are  substantially  alike  or  substantially  different,  and  explain 
vour  views  to  the  iurv  as  clearlv  as  von  can. 

C/  t.  t/  c- 

A.  I  mav  not  be  able  to  do  it  as  scientificallv  as  Hr. 

tf  • 

Renwick,  for  I  do  not  pretend  to  the  scientific  attainments 
of  that  gentleman.  The  point,  however,  as  I  undei*stand, 
to  be  gained,  is  to  have  the  valve,  through  a  combination  of 
machinerv  attached  to  the  mo'rino'  mechanism,  so  that  at 

c/  / 

the  proper  point,  when  the  piston  is  readv,  upon  one  end  of 
8 
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its  stroke,  to  receive  steam,  to  have  the  valve  raised  and  to 
carry  that  valve,  by  the  motion  of  the  mechanism,  to  a 
point  that  is  desiral)le  to  cut  off,  when,  by  a  mechanism,  it 
is  detached,  and  the  valve  falls  to  its  seat,  the  moving  ma¬ 
chinery  continuing  to  perform  its  entire  revolution,  so  that 
the  steam  may  act  expansively  from  the  time  of  cut  oft*,  to 
finish  its  entire  stroke. 

Q.  The  valve  being  left  in  a  condition  to  be  re-engaged 
with  its  machinery  ? 

A.  Yes ;  it  is  carried  back  to  its  original  position. 

Q.  So  far  as  regards  the  combination  for  effecting  that 
purpose,  do  you  find  it  in  the  defendants’  model  substan¬ 
tially  different  from  that  found  in  the  plaintiffs’  ? 

A.  To  my  apprehension,  it  is  substantially  the  same ;  the 
same  ends  are  obtained,  and  by,  what  I  should  conceive  to 
be,  substantially  the  same  means. 

Q.  In  the  defendants’  model,  is  there  any  necessity  for 
the  employment  of  a  means  to  check  the  valve  at  the  time 
of  its  closing? 

A.  In  the  defendants’  ? 


Q.  Yes. 

A.  Well,  I  should  apprehend  that  there  was. 

Q.  How  is  that  done  in  the  defendants’  model  ? 

A.  It  is  done  by  a  dash-pot  which  is  filled  with  fluid, 
through  which  the  plunger  moves  until  it  comes  to  the 
point,  or  nearly  so,  of  closing  the  valve,  when  it  is  arrested 
by  that  fluid  escaping  from  the  cylinder,  upon  which  the 
plunger  rests,  and  arrests  its  momentum  and  covers  the 


seat. 

Q.  In  that  particular,  is  the  defendants’  model  substan¬ 
tially  alike  or  different  from  Sickels’  ? 

A.  I  thinly  they  are  substantially  the  same.  A  different 
fluid  is  used,  but  not  constituting,  as  I  apprehend,  a  dif¬ 
ference  in  the  principle  of  the  arrangement  or  operation. 

Q.  Turn  your  attention  now  to  the  plaintiffs’  dash-pot,  as 
it  is  termed.  As  the  plunger  descends  into  the  cup,  does 
the  plunger  gradually  contract  tlie  aperture  through  which 
the  fluid  passes  ? 

A.  Of  course  it  does. 

Q.  Is  it  by  that  means  the  descent  is  checked  ? 

A.  It  is  by  that  , means  that  it  is  practically  and  positively 
arrested.  By  that  means  it  is  done  in  sucli  a  way  as  to  pro¬ 
duce  no  sensible  concussion. 

Q.  By  gradually  reducing  the  size  of  the  aperture  ? 

A.  Yes. 


Q.  Here  is  the  defendants’  plunger.  (Handing  it.)  As  that 
plunger  descends,  does  it  or  not  gradually  contract  the 
aperture  through  which  the  fluid  escapes  ? 

A.  This  cylinder  appears  to  have  a  bore  of  equal  diameter 
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during  its  whole  length,  and  there  appears  an  orifice  open-  281 
ing  nearly  at  the  bottom  of  it,  which  pennits  the  free  escape 
of  air,  until  the  plunger  comes  to  the  upper  edge  of  that 
orifice,  when,  as  a  matter  of  course,  passing  over,  it  dimin 
ishes  that  orifice  until  it  has  entirely  passed  it.  Then  it  is 
efiectually  closed,  and  there  is  no  escape  except  what  can 
be  had  around  the  periphery.  After  it  has  passed  the 
orifice,  then  it  is  arrested.  The  air  is  prevented  from 
escaping,  and  the  weight  of  the  metal  that  rests  upon  the 
fiiiid  there  confined  below  that  orifice  is  so  very  small,  that 
it  must  be  arrested  almost  instantaneously.  It  cannot  pro-  282 
ceed  very  far,  because  the  air  that  is  confined  there  would 
prevent  those  sm-faces  coming  together,  provided  they  were 
mechanicallv  true,  so  that  the  distance  it  could  travel  after 
that  must  be  verv  slight. 

Q.  In  the  operation  of  rotating  or  sliding  valves,  in  what 
position  should  the  valve  be,  to  work  Avith  most  efiiciency 
at  the  time  of  cutting  otf  the  steam,  Avith  reference  to  the 
port  ? 

A.  At  the  time  that  a^ou  cut  otf  steam,  as  a  matter  of 
coui’se,  the  position  of  the  valve  should  be  to  cover  tne  283 
entire  opening. 

Q.  Is  it  material  that  the  valve  should  lap  considerably, 
or  just  close  the  aperture? 

A.  When  the  port  is  closed,  so  far  as  the  operation  of 
the  steam  is  concerned,  the  Avhole  thing  is  done,  and  if  it 
moves  any  further  it  is  mere  waste  of  poAver. 

Q.  Are  you  acquainted  Avith  the  check-ring,  as  used  in 
puppet- valves  ? 

A.  I  think  I  knoAv  Avhat  it  is. 

Q.  Where  the  check  ring  is  used,  in  connection  Avith  the  281 
puppet- valve,  does  it  require  the  same  nicety  of  adjust¬ 
ment  of  the  plunger  to  its  cup  that  is  required  when  the 
check-ring  is  not  used  ? 

A.  It  cannot  require  the  same  adjustment,  because  there 
is  n  space.  The  check-ring  is  not  supposed  to  be  so  tightly 
fitted  as  to  cause  a  complete  stop.  It  Avould  alloAv  of  more 
play  in  closing  it,  and  it  Avould  form  a  part  of  the  means  of 
arresting  the  valve. 

Q.  Is  that  equiA^alent  to  the  lap  of  the  slide  or  rotating 
A*alve?^  ...  "  285 

A.  Yes,  sir,  I  should  think  it  Avas. 

Q'.  Admitting  the  same  range  of  motion  ? 

A.  Yes. 

Q.  Yoav,  sir,  in  your  judgment,  Avould  the  arrangement 
described  in  Sickels’  patent  be  changed  in  its  operation,  as 
a  mode  of  closing  the  vah^e,  by  substituting  any  other 
fluid  for  water  ? 

A.  I  should  think  not,  sir.  It  might  require  a  different 
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286  adjiistnient,  or  a  different  proportion  of  the  parts,  but  the 
same  end,  and  in  substantially  the  same  way,  could  be 
arrived  at. 

Q.  ]^ow,  sir,  in  this  model  of  the  defendants’,  suppose  that 
portions  of  this  outer  cylinder  were  cut  away  down  to 
tlie  level  of  that  hole,  leaving  only  some  ribs  as  guides 
for  the  plunger,  would  it  act  differently  from  what  it 
does  in  its  present  form  ? 

A.  So  far  as  that  is  concerned  substantially,  I  think  it 
would  make  little  difference.  The  arrest  takes  place  at 
the  point  where  yon  close  the  023ening. 

Q.  If  we  should  ]3lace  the  defendants’  dash-pot  in  a 
vessel  of  water,  and  this  hole  in  the  side  were  made  suf¬ 
ficiently  large  in  proportion  to  the  density  of  the  finid, 
would  it  not  work  in  water  as  it  does  in  air? 

A.  Substantially  the  same.  The  only  difference  would 
be  in  the  density  of  the  finid.  Yon  would  want  a  larger 
opening  to  let  the  finid  escape. 

On  being  cross-examined  ])y  Mr,  Jenches,^  the  witness 
Daniel  Baenum  testified  as  follows  : 

288  Q,  Have  you  ever  been  a  builder  of  steam-engines  ? 

A.  I  have  been  interested  in  their  building  ? 

Q.  Have  yon  ever  been  practically  engaged  ? 

A.  I  have,  sir. 

Q.  In  what  capacity  ? 

A.  In  the  capacity  of  owner  and  operative. 

Q.  As  draughtsman? 

A.  jSTo,  sir. 

Q.  How  many  did  yon  ever  build  ? 

A.  That  is  more  than  I  can  tell  now.  I  never  have  built 

289  or  constructed  more  than  one  to  apply  to  a  boat. 

Q.  How  long  since  yon  have  been  engaged  in  it  ? 

A.  For  the  last  year. 

Q.  How  many  stationary  engines  have  yon  ever  built  ? 

A.  I  have  been  interested  where  there  have  bee  nic  an- 
not  tell  how  many. 

Q.  Interested  for  the  last  year  ? 

A.  Within  the  last  nine  months  of  the  year  I  have  not 
been  interested  in  any.  Previous  to  that  I  was  interested 
in  stationary  engines,  that  were  building  at  the  foot  of 

290  Twenty-ninth  street,  in  Mr.  Wells’  machine  shop.  I  have 
built  a  good  many,  but  I  cannot  tell  the  number. 

Q.  How  long  a  period  have  yon  lieen  engaged  in  build¬ 
ing  ? 

A.  I  was  interested  with  him  about  two  years. 

Q.  Yon  spoke  of  a  check-ring  applied  to  pnpj^et-valves — 
how  long  have  yon  l^een  acquainted  with  that  con¬ 
trivance  ? 


61 


A.  I  have  known  them  for  a  nnmber  of  years,  bnt  I  can-  291 
not  tell  how  long. 

Q.  Twelve  years  ? 

A.  1^0,  sir,  perhaps  not  twelve  years — I  do  not  know  but 
it  is. 

Q.  Do  yon  know  who  it  was  invented  it  ? 

A.  No,  sir ;  I  know  who  used  them,  or  I  have  heard  the 
names  of  those  who  used  them. 

Q.  Do  you  or  not  know  that  it  was  invented  within 
twelve  years  ? 

A.  No,  sir,  I  do  not  know  that  it  was. 

Q.  Yon  do  not  think  that  yon  saw  it  nntil  within  that  292 
time  ? 

A.  It  may  be  within  that — I  cannot  undertake  to  fix  the 
time  with  reo’ard  to  that. 

Q.  Yon  say  that  this  brass  model — the  defendants’  reser¬ 
voir  and  plunger — would  work  as  well  with  water  as  air, 
by  increasing  the  size  of  the  orifice  ? 

A.  I  said  if  this,  or  one  like  this,  had  snfiicient  opening 
to  permit  water  to  escape,  that  I  thought  it  would  work 
equally  well. 

Q.  Would  it  be  necessary  to  make  any  additions  to  the  293 
model,  in  order  to  complete  it  for  that  purpose,  or  would  it 
work  just  as  well  as  it  is  ? 

A.  I  do  not  know  as  it  would. 

Q.  What  is  necessarv  to  add  to  it  ^ 

A.  I  do  not  know  that  anything  would  be  necessary. 

Q.  Is  that  complete  now  for  use  as  a  wuter  dash-pot  ? 

A.  No,  sir. 

Q.  How  would  you  complete  it  ? 

A.  There  is  nothing  to  adjust  the  water  to  its  parts. 

Q.  There  is  no  water  there,  either?  291 

A.  No. 

Q.  How  would  you  provide  for  the  water  ? 

A.  I  suppose,  as  a  matter  of  course,  it  would  be  immersed 
in  water. 

Q.  Then  there  must  be  water  surrounding  it  ? 

A.  Yes. 

Q.  Is  it  complete  as  it  stands  for  that  purpose  ? 

A.  No,  sir. 

Q.  You  would  put  an  outside  case  around  it,  and  enlarge  295 
the  aperture  ? 

A.  Yes,  this  would  regulate  the  cup. 

Q.  Do  you  mean  to  say  tliat  by  enlarging  the  aperture, 
and  putting  an  outside  case  around  it,  it  would  be  substan¬ 
tially  like  Sickels’  ? 

A.  I  think  it  would  operate  like  Sickels’. 

Q.  W  ould  it  be  substantiallv  like  ? 

A.  Substantially  I  think  it  would,  and  arrest  the  valve  at 
the  proper  time. 
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296  Q.  Conliiie  the  answer  to  the  question.  Would  or  not  a 
device  of  the  kind  you  liave  described — water  enclosing 
this  model,  filled  with  water,  and  the  ajDerture  enlarged — 
would  a  contrivance  of  that  sort  be  substantially  like  Sick- 
els’,  in  its  arrangement  and  purpose  ? 

A.  I  think  it  would,  with  the  adjustment  I  have  spoken  of. 

Q.  How  would  you  have  the  adjustment? 

A.  I  would  adjust  it  to  the  point  at  which  you  wanted  to 
raise  the  valve  or  lower  it. 

29Y  Q.  Have  you  ever  seen  a  dash-pot  of  the  kind  that  you 
now  describe,  without  the  adjustment  described,  anywhere 
except  in  Sickels’  patent  ? 

A.  I  do  not  know  that  I  have. 

Q.  A  straight  dash-pot  ? 

A.  I  do  not  remember  that  I  have. 

Q.  Are  you  acquainted  with  works  upon  the  steam  engine  ? 

A.  I  do  not  profess  to  understand  the  science  as  well  as 
the  witness  who  preceded  me. 

Q.  There  would  be  two  great  elements  in  such  a  dash- 

298  pot — a  straight  cylinder,  with  a  plunger  working  in  it,  and 
an  aperture  through  which  the  water  is  to  be  thrown  into 
tlie  cylinder,  and  out  of  which  it  is  to  be  forced  ? 

A.  Sufficient  to  give  entire  freedom. 

Q.  A  dash-pot  or  reservoir,  generally  filled  with  water, 
containing  a  straight  cylinder  like  this,  with  a  plunger  work¬ 
ing,  and  an  aperture  tlirough  which  the  water  is  admitted 
into  the  cylinder,  and  out  of  which  it  is  discharged  back 
into  the  reservoir  surrounding  it,  would  be  a  dash-pot  for 
checking  the  valve,  substantially  like  Sickels’  ? 

299  A.  I  would  say,  if  the  orifice  was  sufiicient  to  give  a  free 
passage,  so  as  not  to  be  obstructed  sufficiently  to  prevent  the 
descent  of  the  })iston,  that  it  would  be  substantially  the 
same. 

Q.  Take  the  wooden  model  of  Sickels’  dash-pot,  which 
is  beside  you.  Does  that  represent  the  dash-pot  as  deline¬ 
ated  in  the  drawing  attached  to  Sickels’  specification  ? 

A.  Hot  in  all  its  parts. 

Q.  Wliat  parts  are  omitted  'i 

A.  In  Sickels’  ? 

300  Q-  Yes. 

A.  I  believe  it  does.  I  believe  that  is  substantially  re¬ 
presented  as  you  have  described. 

Q.  Could  you  use  air  with  that,  to  effect  the  purpose 
which  Sickels  claims  to  effect  ? 

A.  I  think  that  would  depend  upon  its  proportions.  I 
think  that  air  might  be  used  with  one  constructed  upon  that 
principle. 

Q.  Have  you  ever  seen  it  used  in  Sickels’. 

A.  I  have  never  seen  it  used,  but  I  have  heard  that  it  has 
been  used. 
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Q.  Have  you  examined  the  specification  and  drawings  of  301 
Sickels’  patent  ? 

A.  I  have  read  tlie  specification  over,  hut  not  with  very 
great  care. 

Q.  Is  the  dash-pot  constructed  according  to  the  descrip¬ 
tion,  and  according  to  the  drawing  ? 

A.  He  speaks  there  of  a  reservoir  and  secondary  cup, 
and  of  the  opening  through  the  plunger  for  water  to  escape, 
which  substantially  corresponds. 

Q.  K  you  were  to  use  air  in  that  reservoir,  would  you  use 
a  secondary  cup  ?  302 

A.  A  secondary  cup  is  employed  for  the  juirpose  of  ad¬ 
justment,  and  if  you  were  to  use  air  you  would  want  some¬ 
thing  to  answer  that  purpose  ;  for  an  adjustment  must  he 
made  to  use  air. 

Q.  Could  you  use  it  in  that  form  ? 

A.  Hot  in  that  precise  form. 

Q.  Do  you  know  of  any  form  in  which  you  could  use  it 
successfully  for  that  j^ui-pose,  with  a  certainty  of  producing 
that  result  ? 

A.  I  think  so.  I  think  all  you  would  require  would  be  303 
to  have  your  area  sufficient,  and  the  escape  of  the  air  suffi¬ 
ciently  near  the  bottom. 

Q.  What  do  you  mean  by  the  word  escape  ? 

A.  The  escaj)e  of  air. 

Q.  Do  you  mean  escape  through  the  side  of  the  cylinder  ? 

A.  When  the  plunger  strikes  the  cylinder,  whatever  air 
would  be  beneath  it  would  be  confined  there,  so  as  to  arrest, 
by  its  confinement,  the  motion  of  the  plunger. 

Q.  You  speak  of  the  escape  of  air.  Do  you  mean  through 
an  orifice?  304 

A.  Either  through  an  orifice  or  around  it.  It  is  immate¬ 
rial. 

Q.  You  have  never  tried  it  ? 

A.  I  have  not. 

Q.  Hor  seen  it  tried? 

A.  Ho,  sir. 

Q.  You  do  not  know  whether  it  would  work  or  not? 

A.  I  have  no  doubts  upon  that  subject. 

Q.  You  think  you  could  construct  a  reservoir  to  use  air, 
upon  the  plan  indicated  in  that  model  ?  305 

A.  Substantially. 

Q.  You  say  that  you  have  not  examined  this  specification  ? 

A.  I  have  read  it,  but  not  in  a  critical  manner. 

Q.  Have  you  compared  the  drawings  and  specification 
with  the  Sickels  model  before  you  ? 

A.  I  have  looked  at  them  with  reference  to  that. 

Q.  Can  you  construct  that  model  from  the  description  and 
drawing  ? 
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306  A.  I  think  I  could. 

Q.  And  with  yonr  skill  as  a  mechanic,  conld  you  con¬ 
struct  Corliss’  machine  from  the  description  attached  to  this 
patent  ? 

A.  If  I  were  to  take  the  parts  separately,  I  could  not 
put  it  in  that  form  precisely,  hut  I  think  there  would  be  no 
difficulty  in  arranging  so  as  to  attach  and  detach  the  valve 
substantially  in  that  way. 

Q.  Following  the  language  of  this  description? 

A.  If  I  were  to  follow  the  language  of  that  description 

307  literally,  I  would  say  ‘‘no.” 

Q.  Do  you  find  any  general  language  there  that  indicates 
another  mode  of  construction  ? 

A.  There  is  always  a  general  idea  in  reading  a  descrip¬ 
tion,  to  adapt  the  principles  of  machinery  to  the  particular 
uses  desired,  and  you  cannot  expect  to  follow  literally  the 
construction. 

Q.  Do  you  find  any  thing  in  this  specification  which 
would  show  you  how  to  work  with  slide  or  circular  valves  ? 

308  A.  You  find  there  a  complete  description  for  operating 
valves,  so  as  to  detatch  them  and  cut  off*  steam  by  the  main 
valve  ;  and  by  applying  those  principles  to  difierent  forms, 
or  to  difierent  positions,  it  would  require,  as  a  matter  of 
course,  that  difierent  forms  should  be  adopted,  retaining, 
substantially,  the  principles  and  ideas  which  are  associated 
with  that  arrangement. 

Q.  Have  you  ever  seen  a  machine  of  Mr.  Corliss’  in 
operation  ? 

A.  I  have,  sir. 

309  Q.  Where  ? 

A.  I  have  seen  one  within  a  few  days,  which  was  pointed 
out  to  me  as  his  engine.  I  have  seen  one  running  in  Cen¬ 
tre  street. 

Q.  The  one  at  the  Crystal  palace,  do  you  mean? 

A.  Yes ;  although  I  never  went  into  an  examination  of 
it,  with  a  view  to  understand  its  details.  I  have  observed 
its  mode  of  dropping  the  plunger,  so  as  to  see  the  resemblance 
it  had  in  this  respect  to  the  dropping  of  Sickels’  valve.  I 
did  not  know  at  the  time  whether  slide  or  puppet-valves 

310  were  in  use  there. 

The  court  then  adjourned  to  December  26th,  1854,  at  11 
o’clock,  A.  M. 

December  26th,  1854,  11  o’clock  A.  M. 

The  plaintiffs  then  called  as  a  witness,  James  J.  Mapes, 
who,  having  been  sworn,  was  examined  by  Mr.  Keller,  and 
testified  as  follows : 

Q.  Will  you  state  to  the  jury  what  have  been  your 
means  of  acquiring  a  knowledge  of  steam  engines,  and  gene- 


311 


rally  of  tlie  progress  of  the  arts,  and  what  constitutes  the 
diflerence  between  an  iiiYention  and  a  mere  formal  varia¬ 
tion? 

A.  I  have  been  engaged  for  twenty  years,  or  more,  as 
consulting  engineer,  and  have  been  often  consulted  as  to  the 
value  of  inventions,  by  inventoi*s  and  purchasers,  and  have 
been  frequently  called  as  an  expert  in  patent  suits. 

Q.  Have  you  examined  the  patent  granted  to  F.  E. 
Sickels,  on  the  20th  of  May,  1812,  for  improvements  in  the 
method  of  operating  steam  cut-off  valves  ? 

A.  I  have.  312 

Q.  State  whether  that  (handing  model  of  Sickels’  patent) 
is  a  correct  representation  of  the  invention  described  in  that 
patent  ? 

A.  I  think  so. 

Q.  I  will  get  you  to  state  what,  in  your  opinion,  is  the 
combination  of  mechanism  which  you  there  find,  for  the 
pm’pose  of  lifting  and  tripping  the  valves,  in  order  to  cut  off* 
steam  ? 

A.  I  find  a  lifter,  armed  with  two  springs,  capable  of  en¬ 
tering  notches  upon  the  valve-stem,  and  thus  ensuring  its  313 
being  lifted.  1  find  also  an  adjustable  stop,  carrying  an  in¬ 
clined  plane,  which  forces  apart  the  springs  which  form  the 
attachment  between  the  lifter  and  the  valve-stem,  so  as  to 
break  such  connection  at  any  desired  point. 

Q.  Mliat  is  the  purpose  of  breaking  that  connection  at 
any  desired  point  ? 

A.  The  pm-pose  is  to  disconnect  the  valve  from  the  other 
parts  of  the  engine — the  lifting  portions  of  the  engine — and 
to  do  it  at  any  point  required.  The  object  of  this  connec¬ 
tion  is  to  permit  the  valve  to  close  the  port,  and  thus  cut  off*  3iq 
the  steam  at  any  required  portion  of  the  stroke,  so  that  it 
may  be  used  expansively,  and  thus  more  economically. 

Q.  Could  not  the  valve  be  closed  again  by  the  mechan¬ 
ism  itself,  without  separating  it  from  the  mechanism  ? 

A.  It  could ;  but  it  would  be  closed  slowly  and  cause  the 
steam,  therefore,  to  be  wire-drawn,  not  leaving  an  opening 
sufficiently  large  to  leave  the  jDiston  under  the  same  pres- 
sime  dming  the  filling  of  the  cylinder  as  the  average  pres-  I 
sure  in  the  boiler.  315 

Q.  M"hy  will  this  eff*ect  it  and  not  the  other  ? 

A.  Because  it  permits  the  valve  to  fall  by  its  own  gra¬ 
vity,  and  even  assists  the  rapidity  of  its  descent,  thus  caus-  i 
ing  a  sudden  shutting  of  the  port.  > 

Q.  What,  in  your  opinion,  is  the  mode  of  operation  of 
the  apparatus  found  in  the  patent  for  regulating  the  closing  ^ 
of  the  valve  ? 

A.  The  valve,  being  of  great  weight,  and  falling  through 
some  distance,  miless  checked  at  the  immediate  point  of 
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contact  with  its  seat,  would  abrade  itself  and  the  seat,  so  a^^ 
to  become  disordered.  To  remedy  this  defect,  called  the 
slamming  of  the  valve,  the  valve-stem  passes  down  through 
the  steam  chest  and  enters  the  cylinder  below ;  the  termi¬ 
nus  of  this  stem  being  armed  with  a  piston,  or  an  enlarge¬ 
ment  of  itself,  which,  in  the  lowest  part  of  its  descent,  is 
received  in  a  cup,  approximating  towards  its  o^vn  figure. 
This  cup  and  the  cylinder  above  it  contain  water,  through 
which  the  descending  piston  passes  freely,  until  it  reaches 
the  opening  of  the  cup,  when  it  is  suddenly  checked,  and 

317  thus  receives  the  momentum  of  the  falling  valve,  diffusing 
it  by  the  constant  action  of  the  water,  instead  of  its  being 
exercised  with  a  hammer-like  action  on  the  valve-face,  and, 
of  course,  preventing  abrasion  of  the  surface. 

Q.  In  technical  language,  what  does  the  term  fluid  ” 
signify  \ 

A.  W ell,  sir,  in  strictly  technical  language,  it  signifies  all 
those  substances  which  are  usually  designated  liquid  and 
aeriform. 

318  Q.  Is  water  a  non-elastic  body  % 

A.  Strictly  no.  Water,  practically,  is  elastic  from  the 
elasticity  of  the  amount  of  atmospheric  air  it  contains  ;  also 
from  the  elasticity  of  the  amount  of  carbonic  acid  gas  it 
contains  under  all  ordinary  circumstances ;  and  this  amount 
is  large  whenever  it  is  churned,  as  in  this  cylinder.  But 
water  is  also  elastic,  pertinently,  from  the  mobility  of  its 
mass,  its  propensity  to  find  its  level,  and  the  ease  with 
which  portions  of  it  can  be  thrown  through  narrow  spaces, 

319  like  the  annular  space  existing  between  the  inner  diameter 
of  this  pot  and  the  piston  which  enters  it.  Tlie  ease  with 
which  it  may  be  thrown  up  into  the  cylinder,  and  the  im¬ 
mediate  ability  it  has  to  find  its  level,  constitutes  it,  mecha¬ 
nically,  to  a  certain  extent,  spring-like.  But  water,  en- 

'  tirely  freed  from  atmospheric  air  and  carbonic  acid  gas,  in 
its  pure  state,  has  been  proved  by  Ericsson’s  hydrosympie- 
someter,  not  only  to  be  elastic,  but  to  exhibit  the  ratio  of 
elasticity  and  to  register  its  elasticity. 

Q.  As  a  question  of  science,  is  not  the  resistance  of  any 
.  fluid,  whether  aeriform  or  liquid,  dependent  upon  the  velo¬ 
city  of  the  body  which  passes  through  it  ? 

320  A.  Of  course ;  I  suppose  that,  theoretically,  a  hammer 
may  be  thrown  upon  the  surface  of  water  so  much  more 
rapidly  than  the  ultimate  particles  of  the  water  can  change 
place,  or  be  put  in  motion,  that  the  hammer  and  not 
the  water  would  be  abraded.  On  the  same  principle,  we  see 
a  tallow  candle  fired  through  an  inch  plank,  when  thrown 
from  a  gun ;  although  the  candle  may  be  nine  hundred 
times  as  soft  as  the  plank,  if  it  moves  with  a  thousand  times 
the  velocity,  it  will  act  as  a  cutting  instrument,  and  make  a 
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hole  through  the  j^lank.  For  the  same  reason  it  is  that  a  fe21 
wlieel  of  paper,  with  rapid  action,  would  cut  a  bar  of  steel.  , 

Q.  Is  there  any  practical  example  in  the  arts,  in  which  a 
soft  substance,  moving  at  a  high  velocity,  would  abrade,  not 
itself,  but  the  hard  substance  with  which  it  is  brought  in 
contact  ? 

A.  Yes,  many ;  a  wheel  of  soft  sheet  iron  is  used  to  cut 
steel  screws ;  it  is  the  intrument  really  in  use  and  practice 
for  that  purpose. 

Q.  As  a  question  of  science,  when  a  fluid  is  to  be  used  as 
a  resisting  medium,  is  it  a  matter  of  election,  depending  322 
upon  the  velocities,  or  is  it  absolutely  necessary  that  any 
one  single  fluid  should  be  selected  as  a  means  of  resistance  ? 

A.  It  depends  upon  the  use  ;  I  suppose,  in  view  of  the 
known  facts  relative  to  the  use  of  fluids  for  analogous  pur¬ 
poses  to  that  here  described,  that  it  called  for  the  exercise 
of  skill,  and  not  of  invention,  in  either  the  selection  or 
adaptation  of  both  the  fluid  and  the  parts  by  which  it  was 
rendered  active  or  useful. 

Q.  If  you  were  asked  to  apply  Sickels’  invention,  as  you 
find  it  ill  the  patent,  and  substitute  air  for  water,  what  323 
changes  would  be  necessary  to  be  made  in  your  judgment? 

A.  I  should  suppose  that  it  would  be  necessary  to  prevent 
the  escape  of  air  at  a  point  collateral  with  the  exact  point 
of  the  closing  of  the  valve,  so  that  the  piston  impinging 
upon  the  air  should  not,  at  that  time,  be  gradually  but 
suddenly  acted  upon. 

Q.  Well,  sir,  would  such  a  change,  in  view  of  the  des¬ 
cription  in  tlie  patent,  call  for  the  exercise  of  invention  ? 

A.  I  think  not,  when  taken  in  connection  with  the  whole 
subject  as  it  stands  before  us.  324 

Q.  Have  you  examined  this  model  of  the  defendants’ 
eligine  ? 

A.  I  have. 

Q.  I  will  ask  you,  sir,  in  reference  to  the  combination  of 
machinery  for  tripping  and  closing  the  valves,  if  it  be  sub¬ 
stantially  like  or  substantially  different  from  the  combina¬ 
tion  found  in  Sickels’  patent? 

A.  I  am  clearly  of  opinion  that  they  are  substantially 
alike,  and  that,  in  view  of  this  machine,  which  is  described 
in  the  patent  as  evidently  one  of  the  many  forms  of  valves  325 
then  known  and  in  common  use,  but  selected  simply  as  ■ 
one,  that  description,  as  there  given,  would  enable  any 
mechanic,  well  versed  in  the  history  of  the  art,  to  adapt  the 
invention  of  Sickels  to  either  of  the  kind  of  valves  in  , 
general  use,  and  that  by  the  exercise  of  meclianical  skill  ( 
alone,  and  not  calling  for  invention. 

Q.  How,  sir,  in  reference  to  the  mode  of  regulating  the 
closing  of  the  valves,  is  the  apparatus  represented  in  the 
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326  defendants’  model  substantially  like  or  substantially  differ 
ent  from  that  described  in  tbe  Sickels  patent  ? 

'  A.  It  is  substantially  like,  and  particularly  when  applied 
to  tbe  substantial  purpose  for  wbicli  it  is  used.  In  Sickels’ 
i  arrangement,  tlie  blow,  or  slam,  is  upon  tbe  valve  itself.  In 

i  Corliss’,  or  any  other  wbere  a  rotating  or  slide  valve  is 

used,  a  weight  or  spring  must  necessarily  be  applied  to  in¬ 
sure  the  closing  of  the  valve ;  tbe  weight  or  spring  then,  or 
body  put  in  motion  at  an  accelerated  rate,  regulates,  for  all 
practical  purposes,  tbe  descending  piston  in  the  dash-pot  of 

327  Sickels,  and  tbe  jar  consequent  upon  tbe  falling  of  this 
weight,  intended  to  close  tbe  valve,  must  be  diffused,  as  a 
jar  upon  such  a  weiglit  would  injure  tbe  macbiney  and 

/  abrade  its  parts,  as  mucli  as  would  the  slam  direct  upon  tbe 
puppet-valve,  and  therefore  it  suggested  itself  to  tbe  mind 
>  of  tbe  constructor,  tliat  a  dash-pot,  or  its  equivalent,  must  be 
applied  to  some  portion  of  this  falling  mass,  so  as  to  arrest 
it  at  tbe  precise  point,  or  near  it,  that  would  close  tbe 
valve,  wbicli  differences,  in  that  case,  are  formal  and  not 

328  substantial. 

Q.  ilow,  sir,  in  this  model,  (Corliss’),  when  tbe  valve 
closes,  the  edge  of  it  moves  some  distance  beyond  tbe  aper¬ 
ture  of  tbe  steam  port ;  is  there  any  advantage  in  having 
that  edge  of  tbe  valve  to  move  beyond  tbe  port  or  beyond 
tbe  point  necessary  actually  to  close  tbe  valve  ? 

A.  bTo  ;  that  which  will  practically  close  it  performs  tbe 
full  office  of  tliat  valve. 

Q.  As  it  moves  beyond  tbe  edge  of  the  jiort,  I  want  to 

329  knoAv  whether  that  amount  of  motion  which  is  beyond  what 
is  necessary  to  close  tbe  port,  and  then  back  again  to  re¬ 
open  it — I  want  to  know  wbetber  that  induces  a  loss  of  power 
in  tbe  engine  ? 

A.  Yes  ;  and  not  only  in  tbe  engine,  but  permitting  tbe 
weight  to  fall  tbrougb  a  greater  distance,  there  is  greater 
difficulty  in  arresting  it. 

/  The  Court. — Where  do  you  mark  tbe  slam  or  jar  which 
I  is  prevented  by  a  dash-pot  % 

I  A.  Whatever  weight  is  attached  to  that  valve  (illustrat- 
!  ing  on  Corliss’  model)  to  cause  it  to  rotate,  you  have  only 
3^0  to  trace  to  tbe  point  wdiere  tliat  weight  is^  and  there  is  tbe 
\  place  wbere  you  wish  to  arrest  tbe  momentum. 

I  Mr.  Keller — • 

Q.  If  that  weight  which  is  thus  bung  to  tbe  stem,  for  tbe 
})urpose  of  rapidly  closing  that  valve,  ^vere  permitted  to 
come  in  contact  with  tbe  solid  body  of  the  machine,  to 
arrest  it,  what  Avould  be  tbe  effect  upon  tbe  machine  itself? 

A.  It  would  abrade  tbe  valve,  destroy  it  and  all  other 
parts  of  the  machine  in  a  much  shorter  space  of  time  than 
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by  ordinary  wear  and  tear.  We  all  recollect  before  the  in-  331 
trodnction  of  this  invention,  the  shaking  on  steamboats. 

Q.  If  I  take  a  body  of  metal,  or  a  series  of  pieces  of 
metal,  connected  together,  and  permit  the  whole  mass  to 
fall  and  come  in  contact  with  a  solid  body,  does  that  blow 
affect  merely  the  parts  coming  in  contact,  or  does  it  affect 
the  entire  mass? 

A.  It  affects  all  the  parts  throngh  which  that  jar  or  slam 
can  be  communicated. 

Q.  Do  yon  know  of  any  example  in  machinery  in  which 
that  has  been  manifested?  332 

A.  Yes  ;  every  trip-hammer  would  manifest  it  fully,  and 
every  pile-driver,  and  every  wagon. 

Q.  I  will  get  you  to  point  out  upon  Corliss’  model,  and 
to  give  your  reasons  to  the  jury,  why  you  iindthe  combina¬ 
tions  in  this  machine  to  be  substantially  the  same  as  that 
described  in  Sickels’  patent,  for  elevating  and  tripping  the 
valve,  or  rather  for  opening  and  closing  the  valve  ?  \ 

A.  I  find  the  valve-lifter  (which,  in  Corliss’  machine,  is  a 
bending  of  the  prolongation  of  the  valve-stem)  here,  as  also 
the  part  to  which  the  weight  is  attached.  I  find  that  to  be  3  53 
operated  upon  by  parts  here  that  are  entirely  analogous  to 
parts  represented  in  the  Sickels  machine.  Thus  I  find  the 
inclined  plane  (which,  in  Sickels’,  is  upon  a  stop)  is,  in  Cor¬ 
liss’,  divided  among  the  parts,  instead  of  being  resident  at 
any  one  point.  You  will  perceive,  during  the  rotation  of 
Corliss’  machine,  if  you  will  follow  that  line,  as  compared 
with  the  next  position  it  will  assume,  that  the  line  here  re¬ 
presented,  as  compared  with  the  other,  is  a  wedge,  and 
that  it  is  maintained  below  the  bottom  of  this  stop  (illus-  3c  4 
trating).  By  the  location  of  this  stop  you  may  perceive 
that  this  is  taken  away  from  its  connection  tliere^  precisely 
for  the  same  reason  that  the  springs  are  taken  away  in  Sick¬ 
els’,  namely,  by  the  inclined  plane  breaking  the  connection 
between  the  valve  and  the  lifter.  It  is  by  a  different 
arrangement  of  the  parts,  such  as  any  mechanic  would  be 
compelled  to  adopt,  (this  or  some  other,)  when  he  finds  the  \ 
action  required  must  be  moved  in  its  pertinent  points  of  ap-  \ 
plication.  He  adopts  substantially  the  same  parts,  but  / 
under  the  form  of  a  different  arrangement,  leaving  them  g35 
substantially  alike,  and  only  different  in  form.  ♦  J 

Q.  Are  sucli  variations  of  known  mechanical  arrange¬ 
ments  in  form  rare  or  frequent  in  machine  shops  ? 

A.  They  are  frequent ;  as  frequent  almost  as  the  neces¬ 
sity  for  altering  the  figure  of  a  cam,  which  is  intended  to 
alter  the  direction  of  motion. 

Q.  How,  sir,  if  you  had  a  shaft  placed  here  with  a  tappet 
upon  it,  geared  in  connection  with  the  engine,  so  as  to  come 
around  and  strike  this  off  at  the  time  required,  would  the  sub- 
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33G  stitiition  of  such  a  rotating  cam  for  the  inclined  planes  de¬ 
scribed  in  Sickels’  patent,  be  a  substantial  change  or  merely 
a  formal  change  ? 

A.  Merely  formal. 

Q.  Taking  this  (handing  model  of  defendants’  dash-pot), 
will  you  explain  to  the  jury,  upon  that  model,  why  it  is 
that  you  deem  that  mode  oi*  arresting  the  valve  used  by 
the  defendants  as  substantially  like  the  mode  described  in 
Sickels’  patent,  as  an  apparatus  ? 

337  A.  First,  because  it  was  well  known  that  air,  in  a  confined 
space,  played  the  part  of  a  solid  body,  or  approached  that 
condition  precisely  in  the  ratio  of  the  speed  of  motion  of 
the  substance  impinged  upon  it.  It  would  be  evident  to 
any  mechanic,  in  the  operation  of  this  dash-pot,  that  if  the 
speed  of  motion  of  the  descending  piston  was  not  partially 
regulated  while  falling  through  the  water  in  the  upper  cy¬ 
linder,  that,  on  meeting  the  cup  barely  filled  to  its  surface, 

338  he  would  not  rid  himself  entirely  and  perfectly  of  the  slam 
by  that  water’s  gradually  changed  figure,  beyond  a  mere 
immersion  of  the  part  in  the  more  quiescent  portions,  (I 
mean  changed  figure  in  the  surface  of  the  cup).  Corliss’ 
contrivance  embraces  the  same  thought  in  a  ditferent  form. 
There  is  a  hole  here  at  the  side  which  permits  the  escape 
of  air,  as  this  piston  falls,  but  the  hole  is  not  so  large  as 
the  diameter  of  the  cylinder,  and  hence  it  partially  affects 
the  falling  body,  but  not  so  that  the  difference  in  the  space 
is  observable,  until  it  arrives  at  the  upper  edge  of  this  hole ; 

339  and  this  hole,  as  compared  with  the  whole  size  of  this  mass, 
is  in  the  same  proportion  that  the  more  elastic  fiuid,  air,  can 
be  got  rid  of,  as  compared  Avith  water.  When  this  piston 
arrives  at  the  upper  edge  of  the  hole,  it  commences  to  close 
it,  and  hence  gradually  lessens  the  amount  of  escape,  and 
therefore  gradually  to  impinge  upon  the  solid  air,  after  the 
hole  is  entirely  closed,  and  'there  is  no  escape.  The  term 
“  gradually  ”  there,  you  will  readily  perceive,  applies  to  a 
very  short  space  of  time,  although  during  that  very  short 
space  of  time  all  those  conditions  do  occur.  This,  then,  is 
so  configured  as  to  play  all  the  pertinent  parts  of  this  dash- 

340  pot,  and  particularly  to  adapt  it  for  a  separate  locality,  as 
is  called  for  in  their  arrangement. 

Q.  I  think  I  understood  you  to  say,  that  in  Sickels’ 
y  patent,  as  the  dasher  or  plunger  descends  and  goes  into  the 
cup  at  the  bottom,  it  contracts  the  aperture  through  Avhich 
the  water  escaj^es  from  under  the  plunger.  What  is  the 
form  of  that  aperture  ? 

A.  It  is  an  annular  space  ;  the  falling  piston  and  the  ciq^ 
are  concentric  Avith  each  other,  leaving  an  annular  sheet  of 
water  to  be  forced  into  the  mass  of  Avater  aboA^e. 
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Q.  Is  that  aperture  reduced  in  size,  as  tlie  plunger  de-  341 
scends,  in  Sickels’  engine. 

A.  Yes. 

Q.  Tlien  I  understand  you  that  in  l-)oth  these  dash-pots’ 
the  plunger,  as  it  descends,  gradually  contracts  the  aper¬ 
ture  through  which  the  fluid  escapes  ? 

A.  Yes. 

Q.  And  for  that  reason  you  deem  them  to  be  analogous  ? 

A.  ^lot  for  that  reason  alone ;  but  tliey  are  analogous 
from  the  offices  they  perform. 


On  being  cross-examined  by  Mr.  Jenckes,  the  witness, 
James  J.  Mates,  testified  as  follows : 

Q.  Li  the  machine  of  Corliss’,  when  is  the  plunger  in  the 
dash-pot  first  arrested — at  what  part  of  the  motion  of  the 
valve  ? 

A.  Well,  sir,  I  shall  have  to  trace  it  out  upon  the  ma¬ 
chine  and  find  where  it  is  first  arrested.  It  commences  to 
be  arrested  whenever  it  abridges  the  delivery  of  the  air 
under  the  dasher,  and  it  commences  that  abridgment  as 
soon  as  it  commences  to  cover  the  hole  throuo’h  which  it 
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escapes. 

Q.  Is  the  port  open  or  closed  when  the  weight  reaches 
the  hole  through  which  the  air  escapes  ? 

A.  It  may  be  either. 

Q.  Will  you  examine  in  the  model  and  see  ? 

A.  W ell,  sir,  I  do  not  think  that  in  a  model  like  this  you 
can  exactly  tell.  The  model  is  made  so  imperfect,  that 
they  do  not  act  alike.  I  do  not  consider  it  material,  how¬ 
ever,  to  either  the  action  of  the  engine  or  the  apparatus ; 
for,  being  a  rotating  valve,  even  if  it  passed  the  port,  it  does 
not  affect  it. 

Q.  How  is  the  fact  in  Corliss’  model  ?  Is  the  valve  closed 
or  not,  at  the  time  when  the  weight  reaches  the  aperture  ? 

A.  I  suppose  it  is  about  closed  at  about  the  time  that  the 
weight  reaches  its  final  seat.  I  cannot  judge  from  this 
model. 

Q.  Have  you  ever  seen  an  engine  of  this  kind  in  opera¬ 
tion  ? 

A.  Ho,  I  have  not. 

Q.  And  you  do  not  know  the  practical  working  of  this 
dash-pot? 

A.  Except  so  far  as  I  can  deduce  it  fi*om  what  has  been 
here  exhibited,  and  the  patent. 

Q.  Do  you  think  it  is  material  whether  the  weight  in 
Corliss’  model  is  checked  before  the  port  is  closed,  or  after 
it  is  closed  ? 

A.  Yes,  I  do. 

Q.  How  so  ? 
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I  .  . 

38:6  A.  I  think  that  weight  ought  to  he  checked  at  such  time 
I  as  the  valve  has  performed  its  office  ;  because  the  valve  can 
I  have  no  motion  after  that  check. 

\  Q.  Do  you  mean  to  say  that  it  ought  not  to  be  checked 
until  the  port  is  closed  % 

A.  I  have  not  so  said ;  I  do  not  practically  know,  unless 
so  far  as  I  can  deduce  it  there.  My  opinion  is,  that  the  ac¬ 
tion  of  that  dash-pot  should  occur  as  the  action  of  the  dash- 
pot  in  Sickels’ — at  the  instant  of  the  closing  of  flie  port,  for 
347  the  most  economical  action.  If  it  occurs  after,  it  is  because 
the  valve  has  passed  an  unnecessary  distance. 

Q.  In  Sickels’  model,  does  not  the  checking  always  take 

[place  before  the  valve  is  entirely  closed  ? 

A.  Well,  sir,  practically  an  instant  before;  but  it  is  so 
small  a  space  of  time,  that  you  speak  of  it  for  practical  pur¬ 
poses  as  simultaneous  action. 

Q.  Is  it  possible  for  a  check  to  take  place  after  the  valve 
is  closed,  in  Sickels’  machine  ? 

A.  No,  sir. 

348  Q.  It  is  possible  in  the  model  of  Corliss’  ? 

A.  Yes ;  it  would  be  possible  to  take  place  anywhere ; 
but  it  does  not  become  pertinent  to  its  office,  when  taking 
place  at  any  other  time. 

Q.  In  Corliss’  model,  is  there  any  necessity  for  checking 
the  sj)eed  of  the  piston  before  the  valve  is  closed  ? 

A.  You  cannot  check  it  as  soon  as  the  port  is  covered, 
unless  you  commence  that  operation  before  it  is  entirely 
closed. 

349  Q.  Do  you  mean  to  say  it  is  not  possible  unless  you 
check  it  before  ? 

A.  I  think  it  is  not  possible ;  I  think  there  is  no  such 
thing  as  a  line  in  time,”  to  be  so  applied,  without  approxi¬ 
mating  your  contrivance  here  to  covering  that  side  hole. 

Q.  Is  there  any  perceptible  checking  of  the  motion  of 
that  piston,  until  the  j)lunger  reaches  the  aperture? 

A.  I  think  not,  in  this  small  model;  but  that  there  is  such 
a  gradual  effect  cannot  be  doubted.  Whether  it  can  be  per¬ 
ceived  is  another  question.  I  suppose  it  can  in  a  very  large 
360  one,  but  not  in  these  models. 

Q.  When  the  valve  is  entirely  closed  before  the  piston 
reaches  the  orifice,  there  is  no  wire-drawing  of  steam,  is 
there,  through  the  port,  during  the  operation  of  closing  ? 

A.  I  should  think,  sir,  that  there  might  be  ;  it  would  de¬ 
pend  upon  the  speed  with  which  it  is  closed.  There  would 
be  none,  I  consider,  with  a  falling  weight. 

Q.  If  closed  by  the  speed  of  a  falling  weight,  there  would 
be  none  ? 

A.  No. 

Q.  In  Sickels’  model,  must  there  not  be  a  partial  wire- 
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drawing  of  the  steam  at  that  point,  or  the  point  of  closing  ?  351 

A.  I  think  not. 

Q.  Practically? 

A.  Practically,  I  think  it  works  as  closely  as  any  other 
contrivance. 

Q.  Have  you  seen  an  engine  of  that  kind  in  operation  ? 

A.  I  presume  I  have  seen  many  of  each,  but  I  cannot 
name  now  the  exact  engines,  Ac.  I  think  I  have  seen  each, 
but  I  do  not  recollect  uj)on  what  boats  or  at  what  factories. 

I  have,  however,  seen  similar  modifications. 

Q.  Can  you  recall  to  mind  any  engine  of  either  kind  that  352 
you  have  seen  at  any  particular  place  ? 

A.  IN’o,  I  do  not  know  that  I  can  by  name — not  looking 
at  them  with  a  view  to  any  such  distinctions,  and  seeing  en-  V 
gines  almost  every  day.  j 

Q.  In  Corliss’  model,  would  the  valves  slam,  if  there  were  1 
no  contrivance  to  arrest  the  descent  of  that  weight  ? 

A.  Yes,  sir,  they  would,  in  common  with  all  other  parts  , 
that  were  suflSciently  free  to  represent  surfaces  moving  on  vl 
each  other. 

Q.  Do  you  understand,  by  the  slamming  of  the  valves,  in  353 
Sickels’  model,  the  meeting  of  the  face  of  the  valve  with  its 
seat  ? 

A.  I  do. 

Q.  Is  there  any  violent  meeting  of  the  face  of  the  valve 
with  its  seat  in  Corliss’  model  ? 

A.  It  is  in  a  degree  there  ;  you  would  have  it  in  part ; 
that  valve  would  not  rest  there  without  a  dash-pot  or  its 
equivalent.  \ 

The  Court'.  Q.  If  not  counteracted,  what  would  the  \ 
valve  strike  against  ?  \ 

A.  Your  Honor  will  perceive  that  ajar,  like  the  blow  of 
a  hammer,  would  occur ;  the  jar  would  first  occur  upon  the 
falling  weight,  and  be  thence  communicated  to  this  rod 
which  is  attached  to  the  valve,  and  would  be  felt  upon  all 
parts  of  the  engine,  just  as  the  blow  upon  the  end  of  an 
axe-handle  with  a  hammer  is  felt  upon  the  axe  which  is 
loose  upon  its  end,  and  causes  it  to  find  its  solid  place. 

Mr.  Jenckes :  Q.  There  is  nothing  particular  for  this  valve 
to  come  up  against  ? 

xV.  Yes,  that  space ;  consequently  any  momentum  of  the 
machine  will  aftect  it ;  every  bearing  connected  with  that 
stem  (illustrating  on  model,)  and  that  stem,  must  receive,  al 
though  not  in  the  same  figure  of  a  slam,  still  a  slam. 

Q.  Is  the  face  of  this  valve,  (Corliss’)  ever  lifted 
its  seat? 

10 


356  A.  It  is  turned  from  its  seat. 

Q.  Is  it  not  turned  on  its  seat  or  face  ? 

A.  E^o,  sir,  it  is  not. 

Q.  Is  it  not  always  in  contact  with  the  face,  or  some 
portion  of  the  face  ? 

A.  With  some  portion  of  a  face — yes ;  it  is  its  face  only 
so  far  as  it  is  in  the  habit  of  acting. 

/  Q.  By  any  shock  in  this  machinery,  is  this  valve  ever 
brought  in  more  violent  contact  with  its  face  than  it  is 

357  while  it  is  in  motion  or  while  it  is  at  rest  ? 

A.  Yes,  sir ;  the  jar  upon  one  part  of  a  board  that  is 
pressed  upon  by  a  spring  upon  another  part,  will  cause  a 
greater  action  of  that  spring. 

Q.  Would  it  cause  the  face  of  this  valve  to  press  against 
its  seat  with  greater  force,  in  any  portion  of  the  model  ? 

A.  Yes ;  not  as  a  continued  force,  but  as  an  absolute 
\  momentum  from  that  blow,  if  not  checked. 

Q.  Does  not  Corliss’  valve  revolve  upon  its  shaft  ? 

A.  It  does. 

358  Q*  Is  not  the  motion  of  this  shaft  that  of  an  ordinary 
rock-shaft  ? 

A.  Yes. 

Q.  Can  the  face  of  this  valve  be  brought  with  violence 
against  its  seat,  except  by  bending  that  shaft  ? 

A.  It  depends  upon  the  strength  of  that  shaft  and  the 
weight  of  the  valve. 

Q.  Suppose  it  is  in  the  proportion  represented  in  the 
model,  would  the  action  of  that  weight,  which  is  here  suffi¬ 
cient  to  close  it,  bring  the  face  of  this  valve  against  this 

359  valve-seat,  in  any  portion  of  its  operation? 

A.  It  depends  upon  the  accuracy  of  that  valve  to  its  seat ; 
it  depends  upon  the  bearing  on  the  top  of  that  valve- 
chest. 

Q.  Suppose  you  strike  it  a  blow  with  a  hammer,  does  that 
bring  the  valve-face  and  its  seat  in  more  violent  contact,  or 
does^it  slide  the  valve  upon  its  face  ? 

A.  You  cannot  make  a  shaft  practically  so  large  that  by 
absolute  momentum  its  figure  will  not  be  altered  ;  and,  in 
so  doing,  if  that  valve  has  any  length,  it  will  abrade  the 

360  face. 

Q.  Will  it  be  altered  anything  more  than  an  imaginary 
distance  out  of  its  line  of  motion. 

A.  Sufficiently  potential  to  be  of  value  where  high  steam 
is  used. 

Q.  Is  the  line  of  its  motion  ever  upwards  and  down¬ 
wards  ? 

A.  Ko. 

Q.  In  order  to  bring  the  face  of  the  valve  against  its  seat, 
it  must  have  a  motion  upwards  and  downwards  ? 
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A.  No,  sir,  a  rock  would  do  it,  and  a  momentum  will  361 
rock  that  valve-stem,  if  it  be  sufficiently  severe. 

Q.  Will  it,  unless  it  be  sufficiently  severe  to  bend  that 
shaft 

A.  A  bending  and  a  momentum  are  different ;  you  may 
do  it  upon  a  shaft  of  six  inches  diameter  with  a  one- pound 
hammer  in  your  hand. 

Q.  You  have  not  examined  the  machine,  and  you  do  not 
know  whether  there  is  sufficient  to  bend  that  rock-shaft  ? 

A.  Take  away  the  dash-pot,  and  I  suppose  there  will  be ;  362 
but  I  think  there  must  be  such  as  would  derange  in  time 
that  valve  in  its  action. 

Q.  Not  from  any  impingement  ? 

A.  Not  as  there  applied. 

Q.  The  jar  which  is  here  checked  is  at  the  extremity  of 
this  rod,  is  it  not  ? 

A.  It  is  when  it  occurs,  and  thence  is  diffused  through 
all  connecting  parts. 

Q.  The  jar  upon  Sickels’  model  is  upon  the  face  of  the 
valve  and  its  seat?  363 

A.  Yes,  and  every  other  place  connected  with  it. 

Q.  Primarily  upon  its  face  and  seat  ? 

A.  Yes. 

Q.  That  is  where  the  shock  is  received  ? 

A.  In  the  absence  of  the  dash-pot,  yes. 

Q.  Does  not  that  compression  tend  to  injure  the  face  of 
the  valve,  and  to  cause  it  to  leak  more  or  less  ? 

A.  Undoubtedly,  in  the  absence  of  the  dash-pot  it  would 
not  be  a  practical  valve  ;  the  immediate  effect  of  that  con¬ 
cussion  is  to  injure  the  face. 

Q.  The  jar  to  the  valve  and  the  other  portions  of  the 
machinery — ^is  that  of  any  consequence  compared  with  the 
injury  to  the  face  of  the  valve  ? 

A.  It  is  of  consequence  to  the  extent  that  it  deranges  it. 

Q.  Comparatively,  in  the  use  ? 

A.  Comparatively,  I  think  it  is  of  consequence ;  it  would 
render  the  valve  inert  in  a  single  day,  and  would  wear  out 
the  machinery  in  half  the  usual  time. 

Q.  Which  is  of  the  greater  consequence  ? 

A.  The  valve  itself,  because  the  engine  cannot  work  '^^5 
without  it. 

Q.  In  Sickels’  arrangement,  how  is  the  valve  thrown  from 
its  seat  ?  How  is  it  opened  ? 

A.  By  the  action  of  the  lifter. 

Q.  By  what  mechanism  connected  with  it ;  how  do  you 
understand  it  to  be  raised  in  the  description  of  the  patent? 

A.  I  do  not  recollect  if  he  says  at  all,  in  his  specifica¬ 
tion,  how  it  is  to  be  lifted. 
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366  Q.  In  the  usual  way — The  valve  stem  is  to  be  raised  by 
the  lifter  E,  which  is  acted  upon  in  the  usual  way.’' 

A.  Tills  is  raised  perpendicularly  by  any  of  the  con¬ 
trivances  that  are  used  for  that  purpose. 

The  court  then  adjourned  to  December  27th,  1854,  at 
I  I  o’clock,  A.  M. 

December  27th,  1854,  11  o’clock,  A.  M. 

The  witness,  James  J.  Mapes,  on  being  further  cro^b- 
examined  by  Samuel  Blatohford^  Esq.^  one  of  the  ccuinsel 
for  the  defendants,  testified  as  follows : 
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Q.  In  the  defendants’  engine,  where  do  you  perceive  any 
regulation  of  the  closing  of  the  valve  by  the  apparatus  ? 

A.  I  perceive  that  to  be  regulated  by  the  point  at  whieh 
it  is  permitted  to  trip. 

Q.  I  mean  the  regulation  of  closing  in  connection  with 
what  you  call  the  dash-pot — regulation  by  the  weight  ? 

A.  I  understand  that  when  the  valve  is  tripped,  the 
weight  then  tends  to  throw  it  back  to  its  original  position- — 
to  its  statical  position. 

Q.  That  is  what  you  mean  by  regulating  the  closing  I 

A.  That  is  what  I  mean  by  the  closing ;  as  to  regulating 
the  closing,  so  far  as  preventing  a  slam,  the  remedy  is  to 
be  found  in  the  dash-pot. 

Q.  Independent  of  preventing  a  slam,  where  do  you  find 
any  regulation  of  the  closing  in  connection  With  the  falling 
of  the  weight? 

A.  I  find  it  in  the  falling  of  the  weight,  and  nothing  but 
the  falling  of  the  weight. 

Q.  Do  you  mean  the  falling  of  the  weight  without  refer¬ 
ence  to  the  checking  of  it  ? 

A.  I  mean  the  falling  of  the  weight  tends  to  close  the 
valve  ;  the  prevention  of  the  slam  is  from  the  operation  of 
the  dash-pot  upon  that  weight. 

Q.  Then  the  regulation  of  the  closing,  and  the  closing, 
you  understand  to  be  one  and  the  same  thing  ? 

A.  I  understand  that  they  are  here  combined  and  are  a 
continuous  operation. 

Q.  What  do  you  mean  by  the  regulation  of  the  closing, 
in  the  Sickels’  arrangement,  in  connection  with  the  descrip¬ 
tion  in  his  patent  ? 

A.  I  mean  the  same  thing,  with  the  exception  of  the 
balancing  of  the  valves — his  being  double  puppet-valves. 

Q.  Independent  of  that,  you  mean  the  same  regulation 
of  closing  in  both  engines — do  you  ? 

A.  Yes,  in  those  particulars. 

Q.  Do  you  speak  of  the  regulation  of  the  closing,  in  the 
defendants’  engine,  in  connection  with  the  movement  of  their 
weight  through  the  whole  extent  of  its  motion  ? 

A.  The  whole  extent  of  its  motion  is  connected  with  the 


correBponding  movement  of  the  valve,  and  consequently  to  371 
that  extent  it  acts  as  a  regulator. 

Q.  Then  I  understand  you  to  mean,  by  regulation  of  the 
closing,  the  entire  movement  of  the  valve  in  its  passage  to 
close  the  port  ? 

A.  Yes,  in  connection  with  the  fact  of  the  movement  to 
trip,  which  permits  it  to  take  up  such  action. 

Q.  xS*ow,  sir,  in  reference  to  the  slam  or  jar  in  the  de¬ 
fendants’  apparatus,  would  not  the  apparatus  of  the  defend¬ 
ants  work  just  as  well  if  the  connection  with  the  weight 
were  a  loose  connection — a  chain — instead  of  being  a  ngid  372 
one  ?  j 

A.  'Well,  I  doubt  if  it  would  ;  I  think  there  is  more ' 
difficulty  in  imparting  inertia  to  a  great  number  of  pieces, 
and  getting  up  regularity  of  motion,  when  so  applied,  than 
to  a  rod ;  I  think  the  difference,  however,  is  quite  unim-  J 
portant,  practically  ;  but  that  such  a  difference  does  exist,  I  j 
feel  confident. 

Q.  Is  it  important,  practically,  whether  you  have  a  loose 
connection  or  a  rigid  one  ? 

A.  'Not  so  far  as  the  falling  of  the  weight  goes.  373 

Q.  Xow,  if  you  should  operate  Corliss^  with  a  loose  con¬ 
nection  there,  would  there  be  any  slam  or  jar  transmitted 
to  the  parts  that  lie  on  this  side  of  the  loose  connection? 

A.  Yes,  sir ;  it  would  be  imparted  through  a  thousand 
pieces  impinged  upon  each  other ;  as  strifing  a  row  of 
billiard  balls  would  part  one  from  the  other  end  of  the  row. 

Q.  If  the  connection  is  entirely  loose  ? 

A.  Yes  ;  they  become  tight  the  very  moment  that  bodies  1 
commence  to  fall,  for  they  are  sustained  by  each  other,  and  \ 
hence  relatively  are  subject  to  receive  any  momentum  a|>  ^4 
plied  to  any  one  of  these  pieces. 

Q.  If  the  connections  are  loose,  and  the  weight  should 
strike  a  solid  body  below,  in  its  fall,  would  not  uie  connec¬ 
tions  slacken  up  immediately  ? 

A.  Yes,  after  parting  with  the  blow — after  diffusing  the 
momentum. 

Q.  How  much  jar  or  slam  would  there  be  in  that  case  ; 
would  it  amount  to  anything  practical  ? 

A.  Yes  ;  and  it  would  be  carried  from  the  parts  sustain¬ 
ing  the  dash-pot  as  well  as  through  all  the  other  parts  ;  and 
such  a  chain  would  practically  meet  with  difficult}',  but  not 
for  the  mere  purpose  of  falling ;  when  I  stated  that  it  might 
practically  be  used,  it  was  in  reply  to  your  direct  question 
as  to  its  office  of  falling,  and  not  as  to  its  entire  office  as 
part  of  this  machine. 

Q.  How,  practically,  if  the  connection  was  a  loose  one, 
and  the  weight  should  fall  against  a  solid  substance,  would 
not  the  entire  effect  be  expended  upon  the  weight  and  the 
substance  ? 
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376  A.  I  think  the  speed  with  which  this  arm  to  which  the 
rigid  shaft  now  attached  to  the  weight  is  connected — this 
arm  itself  would  exercise  a  momentum,  an  absolute  mo¬ 
mentum  action  upon  this  valve-stem,  and,  in  so  doing,  no 
matter  what  might  be  the  width  of  the  bearing  where  the 
valve  is,  or  where  the  prolongation  that  forms  the  trip  is, 
still,  a  blow  there,  which  would  be  collateral  with  the  blow 
of  a  hammer,  would  alter  the  parallelism  of  the  face  of  that 
valve,  as  compared  with  its  seat,  and,  doing  so  at  each 
revolution,  at  the  same  point  or  space,  would,  by  a  succes- 

377  sion  of  such  minute  momentums,  arising  from  the  mere 
difference  of  the  parallelism,  eventually  abrade  that  valve 
in  a  line,  and  thus  destroy  its  usefulness. 

Q.  You  think,  practically,  it  would  not  be  operative  ? 

A.  Practically,  it  would  not  be  operative.  If  the  mo- 
Tnentum  were  not  diffused,  the  harm  will  arise  from  the 
same  offence  to  natural  laws  that  will  occur  by  loosening 
the  plug  to  a  cock,  by  the  mere  momentum  of  a  blow  with 
a  hammer,  instead  of  using  a  continued  force  or  sliding  the 
surface.  If  the  plug  of  a  cock  should  be  stricken  down  in 

378  the  same  direction  as  often  as  occurs  in  the  revolution  of 
an  engine,  that  plug  would  have  a  flattened  line  on  the  side 
against  which  it  impinged  or  altered  its  direction  from  such 
momentum  or  pulsation;  and,  if  the  space  between  that 
plug  and  the  barrel  in  which  it  turned  should  be  supplied 
with  a  lubricating  material,  which,  after  a  while,  would 
become  charged  with  oxides  and  abrade  the  metal,  the  qual¬ 
ity  of  the  surface  so  impinged  upon  would  be  altered  by 
these  oxides  being  forced  into  that  abraded  part,  which, 

379  from  its  distance  from  the  plug,  would  continually  segre¬ 
gate  these  materials,  and  permit  its  being  impinged  upon 
its  surface,  forming  a  china-like  ridge  upon  that  part ;  and, 
to  do  away  with  that  difficulty,  in  common  with  the  other 
I  have  described,  the  dash-pot  or  its  equivalent  becomes 
necessary. 

Q.  I  would  like  you  to  take  the  model  of  Sickels’  appa¬ 
ratus,  and  tell  me  whether  that  would  operate  without  a 
i-igid  connection  between  the  plunger  and  the  valve  ? 

A.  As  to  the  matter  of  falling,  yes. 

380  Q.  Will  you  please  answer  my  question.  Would  that  be 
an  operative  apparatus,  with  a  loose  connection  between 
the  plunger  and  the  valve  ? 

A.  I  think  it  would  not  be  efficient. 

Q.  Could  it  operate  at  all? 

A.  Yes. 

Q.  How  can  that  operate,  if  you  have  a  loose  connection  ? 
How  would  you  prevent  the  valve  from  slamming,  suppose 
it  to  be  hung  below,  as  it  is  now  ? 

A.  I  suppose,  sir,  that  if  the  lower  part  in  this  cylinder 
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should  be  a  chain,  the  slam  would  not  be  arrested  so  tho-  381 
roughly;  it  would  require  the  blow  to  be  received  at  a 
distance  before  the  valve  reached,  greater  than  the  play  of 
each  link  of  the  chain  ;  the  upper  connection  might  be  a 
chmn,  but  the  lower  one  could  not,  to  be  practically  useful. 

•  1  upper  one  could  be  a  chain,  when  the  dash-pot 

IS  below  ?  ^ 

lower  one  could  not,  to  be  practically  useful, 
but,  theoretically,  the  slam  might  be  materially  abridged 
even  through  a  chain.  ^  ^  ’ 

Q.  Theoretically  ?  ogo 


Q*  practically  or  perceptibly  in  the  workino' 

machine  ? 

A.  I  think  perceptibly  in  the  working  machine. 

Q.  So  as  to  make  a  practical  apparatus  ? 

A.  ISTo,  but  it  would  be  abridged  ;  the  falling  weight  ar- 
lested  upon  the  end  ot  a  chain  will  abridge  the  continuous 
action  of  that  chain — its  downward  tendency — 'bv  checkincr 
its  momentum. 

Q.  I  think  I  understood  you  to  say  that  you  find  Sickels’ 

apparatus  so  arranged  as  to  cut  oflp  at  anv  desired  part  of  383 
the  stroke  ?  ' 

A.  Yes. 

Q.  It  is  so  described  ? 

A.  Yes,  sir. 

Q.  Can  Corliss’  machine  effect  that  obiect  ? 

A.  Yes. 

Q.  In  what  way,  sir  ? 

A.  In  the  same  way  that  it  is  arranged  here  ;  he  may 
arrange  his  trip  to  take  place  at  any  part  of  the  stroke  he 
likes. 

Q.  How  so  ?  2g4 

A.  By  an  alteration  ot  the  position  ot  the  parts ;  you 
cannot  do  it  beyond  half-stroke  in  his  machine,  but  you  can 
in  this.  ^ 


Q.  Can  Corliss  cut  off  beyond  lialf-stroke,  as  his  appa¬ 
ratus  is  arranged  ?  " 

A.  Yes,  by  a  movement  of  this  stop  or  standard. 

Q.  Cp  Corliss,  within  half-stroke,  cut  off  at  anv  desired 
point  within  that  half-stroke  ? 

A.  lYithin  any  part  that  would  be  desirable  for  practical 
pui*poses,  I  think  he  can. 

Q.  How  will  he  do  it  ? 

A.  He  will  do  it  by  altering  the  arrangement  of  this  stop 
so  as  to  trip  at  a  different  point. 

Q"  Y^ithout  any  alteration — I  speak  of  the  running  of  the 
engine,  as  it  is  constructed  ? 

A.  I  do  not  think  he  can. 
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Q.  Mr.  Sickels  can  ? 

A.  I  think  he  can. 

Q.  Is  it  not  the  fact  that  Sickels  can  cut  ofi:'  at  any  de¬ 
sired  part  of  the  stroke,  by  the  arrangement  that  he  h^ 
there  of  the  standard  and  set  screw  for  the  purpose  of 
fixing  the  position  of  the  wedges  or  inclined  planes  ? 

A.  Yes,  and  the  difference  between  it  and  the  arrange¬ 
ment  as  there  expressed,  is  merely  an  adaptation  of  the 
plan  of  Sickels ;  but,  for  want  of  the  same  position,  arises 
that  inferiority  of  ready  action. 

Q.  IN’ow,  sir,  I  think  you  told  us,  yesterday,  that  in  Mr. 
Corliss’  apparatus  you  found  the  inclined  planes  or  wedges 
divided  up  into  parts,  instead  of  being  resident  at  any  one 
point.  Will  you  please  to  explain  what  you  mean  by  that  ? 

A.  Here,  sir,  in  Sickels’  apparatus,  we  have  an  inclined 
plane  on  this  stop,  which,  in  its  statical  condition,  you  can 
see  is  an  inclined  plane  in  figure ;  there  (in  Corliss’  model) 
you  have  the  inclined  plane  upon  the  surface  of  the  moving 
bar,  which  becomes  pertinent  to  the  same  use  as  this  in¬ 
clined  plane,  at  different  points  of  its  action,  and  a  stop  is 
used,  against  which  it  is  impinged,  so  as  to  permit  the  wrist- 
plate  to  change  the  condition  of  the  inclined  plane,  so  as  to 
permit  the  prolongation  of  the  valve-stem  to  escape  ;  there¬ 
fore,  I  should  say  that  that  inclined  plane  is  to  be  found  re¬ 
sident  in  the  relative  position  of  all  those  parts  ;  we  see  an 
inclined  plane  in  one  part,  as  it  changes  its  position,  but  it  is 
not  that  inclined  plane  alone  that  actuates  the  whole  trip¬ 
ping  action. 

Q.  You  are  unable  to  put  your  finger  upon  any  particular 
part  of  the  apparatus  which  you  call  an  equivalent  for  the 
inclined  plane? 

A.  Oh !  no,  I  can  do  that  very  readily. 

Q.  I  understood  you  to  say  it  was  divided  up  into  seve¬ 
ral  parts? 

A.  I  did,  but  they  are  so  closely  connected  that  one  finger 
will  cover  the  whole  of  them ;  this  lifting  rod,  (illustrating 
on  Corliss’  model,)  it  will  be  perceived,  has  an  upward  and  a 
wheel-like  motion ;  I  speak  of  the  lifting  rod  that  moves 
towards  the  wrist-plate,  and  consequently  the  space  that  it 
described  between  its  present  position  and  the  position  it 
will  assume  in  a  moment  would  make  an  inclined  plane ; 
but,  really,  during  its  revolution  it  is  arrested  in  performing 
that  figure  of  an  inclined  plane,  which  would  open  the  point 
of  the  V ,  by  this  stop,  and  hence  the  figure  of  the  inclined 
plane,  as  formed  for  pertinent  purposes,  is  resident  between 
that  surface  and  this  surface,  and  the  consequent  change  of 
position  of  this  part,  and  hence  acts  upon  this  tripper,  held 
to  its  position  by  the  spring  below. 

Q.  At  the  time  the  trip  takes  place,  or,  in  other  words. 
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at  the  time  the  stop  impinges  against  the  connecting  rod,  is  391 
there  any  wedge-action  or  inclined  plane  action  to  cause 
that  trip  ? 

A.  Yes  ;  it  is  the  assumed  figure  of  tlie  wedge,  the  highest 
point  of  which  is  represented  by  the  then  position  of  the 
lower  end  of  this  stop,  that  lifts  this  connecting  bar,  and 
permits  the  valve  to  trip. 

Q.  I  understood  you  to  say  that  you  never  had  examined 
the  working  of  any  of  Corliss’  engines  ? 

A.  l^ever  with  a  view  to  these  points. 

Q.  If  those  who  have  examined  them  accurately  and  392 
carefully  should  say  that  the  action  of  that  connecting  lK)ok 
in  crowding  off  the  catch,  to  make  the  trip,  was  solely  that 
of  a  lever  upon  its  fulcrum,  without  any  inclined  plane  or 
wedge  principle,  would  you  be  of  opinion  that  tJieir  prac¬ 
tical  observation  was  better  than  theorv  ? 

*j 

A.  I  should  be  of  opinion  that  the  engine  was  not  like 
this  model,  and  their  assertions  to  the  contrary  would  be 
like  the  assertion  of  any  individual  who  maintained  that 
two  and  two  made  five. 

Q.  You  have  examined  that  model  suificiently  to  satisfy 
youi’self  that  there  is  a  wedge  action  ?  393 

A.  Perfectly. 


On  being  re-examined  by  Mr.  Keller^  the  witness,  James 
J.  Mapes,  testified  as  follows  : 


Q.  As  a  mechanical  instrument  for  disengaging  a  catch 
in  machinery,  are  there  any  equivalents  for  the  wedges  or 
inclined  planes  ? 

A.  Oh,  yes,  sir  !  but  they  are  modifications  of  it ;  every 
cam  would  be  an  equivalent. 

Q.  Can  it  be  done  by  a  lever  as  an  equivalent  ? 

A.  Iso,  I  think  not  strictly  as  a  lever  ;  it  ceases  to  be  so 
in  that  action. 

Q.  Suppose  that  (exhibiting  model  of  a  tripping  action) 
to  be  the  valve-rod,  and  that  a  catch,  and  this  the  adjust¬ 
able  stop,  upon  what  principle  does  it  operate  ? 

A.  It  is  removing  the  trip,  and  permitting  the  valve  to 
fall  by  its  weight. 

Q.  Removing  the  trip  by  a  lever  or  wedge  action  ? 

A.  Well,  sir,  I  can  find  a  wedge  here  in  that  action,  or 
inclined  plane. 

Q.  Xow,  I  would  ask  you,  as  a  question  of  mechanics, 
whether  a  lever  action  of  any  sort  can  take  place  without 
generating  the  form  of  a  wedge  ? 

A.  Ho,  I  think  not ;  I  think  the  wedge  is  a  consequence 
of  the  action  of  the  lever ;  the  figure  must  be  produced. 

Q.  Do  you  find  in  this  a  substantially  difterent  combi¬ 
nation,  or  a  substantially  similar  combination  to  that  de¬ 
ll 
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396  scribed  in  Sickels’  patent  for  effecting  tlie  trip  in  the  valve  ? 

A.  It  is  substantially  tlie  same;  the  difference  is  only 
formal. 

Q.  Do  you  find  a  spring  in  this  for  restoring  the  catch  ? 

A.  I  find  a  weight  used  as  an  equivalent  for  the  spring. 

Q.  Now,  sir,  will  you  step  around  to  Corliss’  model.  If 
you  draw  a  line  from  the  position  which  this  waist  wall  oc¬ 
cupy  at  the  end  of  its  upw^ard  motion,  where  it  is  in  contact 
with  the  surface  of  the  lifting  rod,  and  project  that  line 
beyond,  where  will  yon  find  the  w^edge  wliich  disengages 

397  the  catch  ? 

A.  You  wall  find  it  in  the  figure  resident  here,  (illus¬ 
trating  it,)  in  the  form  of  a  Y. 

Q.  Now’’,  with  reference  to  the  adjustment  of  the  cut-off, 
so  as  to  ^iut  off  at  different  parts  of  the  half-stroke,  I  did 
not  understand  your  answer  clearly  in  the  cross-examin¬ 
ation  ;  do  I  understand  you  to  say  that  it  cannot  be  adjusted 
to  cut  off  at  any  portion  of  the  half-stroke  ? 

A.  No,  but  that  it  had  not  the  same  facility  of  arrange- 

398  ment  for  such  cut-off  as  there^  w^hile  the  macliine  w^as  in 
operation. 

Q.  The  question  w^as  confined  to  that  ? 

A.  Yes. 

Q.  While  the  machine  w^as  in  operation  ? 

A.  Yes. 

Q.  Now,  sir,  I  will  ask  you;  taking  this  model  as  it  is 
here,  and  disconnecting  this  rod  entirely — taking  this  i  od 
with  its  inclined  plane  resting  upon  the  stop,  and  discon¬ 
necting  the  rod,  or  taking  away  the  governor,  having  merely 

399  this  piece — I  will  ask  yon  then  whether  this  engine  (Cor¬ 
liss’)  can  be  regulated  to  cut  off  at  any  portimi  of  the  stroke 
with  the  same  facility  as  Sickels’. 

A.  It  can,  if  you  have  an  arrangement  for  the  stopping 
of  this. 

Q.  What  is  it  in  this  machine  that  regulates  the  position 
of  these  stops  ? 

A.  It  is  a  part  of  this  bar  that  is  brought  in  contact  with 
the  stop,  so  as  to  regulate  its  position ;  before  the  apparatus 
of  Sickels’,  governors  were  used  to  regulate  the  cut-off. 

400  Q.  I  am  leaving  out  altogether  the  governor ;  I  am  taking 
this  apparatus,  supposing  the  connection  to  he  Ijroken  here., 
and  this  rod  to  be  under  the  control  of  the  engineer  ;  now  I 
w^antto  know^  whether  this  isljcapable  of  adjustment,  to  regu¬ 
late  the  adjustment  at  any  portion  of  the  half  stroke,  as  in 
the  Sickels’  engine  ? 

A.  Precisely,  when  under  that  arrangement ;  it  would 
enable  the  engineer  to  do  just  what  he  could  do  there^  by 
moving  the  stop  upon  the  permanent  standard,  so  far  as  re¬ 
gards  regulating  up  to  the  full  length  of  half  stroke. 
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Q.  Now,  would  it  require  the  exercise  of  invention  to  401 
apply  the  set  screw  to  hold  that  rod  in  any  position  re¬ 
quired  ? 

A.  I  think  not,  hut  merely  the  exercise  of  mechanical 
skill. 

Q.  I  understood  you  to  state  that  in  this  arrangement  of 
the  defendants’,  as  well  as  in  Sickels’,  the  valve  is  closed 
entirely  by  the  falling  of  the  weight ;  now,  so  far  as  regards 
the  arresting  of  the  valve  at  the  time  that  the  port  is  closed, 
what  is  the  instrumentality  employed  to  regulate  that 
closing  ?  ‘ 

A.  The  dash-pot  and  its  appurtenances. 

Q.  Then  the  dash-pot,  I  understand  you,  is  the  means  of 
regidating  the  point  at  which  the  valve  shall  close  ? 

A.  No;  regulating  the  point  at  which  the  weight  shall 
be  arrested,  to  prevent  its  passing  beyond  the  mere  covering. 

Q.  Now  then,  sir,  is  the  dash-pot,  in  that  Anew,  a  means 
of  regulating  the  motion  of  the  valve,  or  is  it  the  means  of 
regulating  the  closing  of  the  valve  ?  t 

A.  It  is  the  means  of  regulating  the  closing.  I 

Q.  Now,  sir,  in  this  arrangement,  is  there  or  not  a  iieces-  403 
sitv,  when  the  valve  is  closed,  of  bringing  the  lifter  back 
to  its  original  position,  with  reference  to  its  re-engagement 
with  the  lifting  mechanism,  at  the  next  stroke  of  the  engine  ? 

A.  Yes. 

Q.  Now,  sir,  if  the  arm  of  this  valve  should  be  connected 
with  a  weight  by  means  of  a  chain,  would  that  ensure  the 
bringing  back  the  position  of  the  lifter  to  its  light  place,  to 
re-engage  at  the  next  stroke. 

A.  JN  o. 

Q.  No^  sir,  in  this  arrangement  of  Air.  Sickels’,  if  you  404 
should  remove  the  dash-pot  entirely,  and  place  a  solid  plate 
of  metal  below  the  valve-stem,  so  regulated  in  its  position 
that,  on  the  descent  of  the  valve,  the  lower  end  of  the  valve- 
stem  would  come  in  contact  with  that  plate,  at  the  same 
time  that  the  valve  reaches  its  seat,  would  the  slam  be  on 
the  valve  or  on  the  plate  struck  vdth  the  valve-rod  ? 

A.  It  would  be  on  the  plate ;  but  such  rigid  contrivance 
would  not  do  away  with  the  practical  difficulty  of  the  slam. 

Q.  I  want  to  know  whether,  in  that  case,  of  the  plate  405 
below  and  the  valve-stem  receiving  the  shock,  the  valve 
would  not  slam  as  effectually,  and  be  as  effectually  injured, 
as  if  the  valve  itself  struck,  without  having  the  plate  below  ( 

A.  Not  as  much  injured,  but  it  would  be  injured ;  if  you 
divide  the  slam  upon  three  faces  instead  of  one,  you,  to  a 
certain  extent,  lessen  the  chance  of  accident ;  1)ut  the  pre¬ 
cise  parallelisms  that  are  maintained  Oy  the  valves  in 
position,  are  not  to  be  a[>proached  l>y  the  exact  mechanical 
contrivance,  but  to  be  found  by  the  gravity  of  the  parts 
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406  setting  into  each  other  ;  and  hence  the  line  of  abrasion  is 
not  a  line  within  exact  mechanical  accuracy  ;  and  it  is  for 
that  reason  that  an  oscillating  valve  like  the  defendants’, 
that  has  a  width,  and  acting  upon  the  edges,  would  abrade 
the  surface  by  a  blow  upon  its  shaft,  upon  tlie  valve  stem. 

Q.  You  were  asked  yesterday,  with  reference  to  the  action 
of  the  dash-pot  ujDon  the  arrangement  of  the  defendants 
and  that  of  the  plaintiffs,  and  you  stated  that  in  the  Sick- 
els’  arrangement  the  valve  must  be  arrested  by  the  dasli- 

407  pot  immediately  before  the  closing  of  the  valve,  and  that 
in  the  defendants’  it  need  not  be,  but  is  better  to  be 
stopped  at  the  time  the  valve  closes  its  port.  Now,  sir,  if 
the  valve  be  closed  in  the  defendants’  arrangement,  after  it 
has  closed  the  port,  wh  t  would  be  the  consequence  upon 
the  working^  of  the  engine  ? 

A.  If  the  valve  be  closed  ? 

Q.  If  the  valve  be  arrested  only  after  it  has  closed  the  port, 
what  would  be  the  consequence  upon  the  w^orking  of  the 

408  engine  ? 

A.  “  Only  after  ?”  I  do  not  understand  your  question. 

Q.  The  valve  in  Sickels’  engine  must  be  stopped  at  the 
time  of  the  closing  of  the  port ;  you  stated,  yesterday,  that 
it  was  not  absolutely  necessary  in  the  defendant’s  engine 
that  the  valve  should  be  arrested  immediately  at  the  time  the 
port  is  closed,  but  that  the  valve  may  move  beyond,  and  then 
be  stopped.  What  would  be  the  consequence,  upon  the 
working  of  the  engine,  to  have  the  valve  move  beyond 
what  is  necessary  to  close  the  port  ? 

409  A.  There  would  be  a  waste  of  power  and  unnecessary 
trial  of  the  parts,  without  pertinent  use. 

Q.  Is  there  any  way  of  accomplishing  the  same  result  in 
the  puppet- valve  ? 

A.  Oh,  yes! 

Q.  In  what  way  ? 

'  I  A.  By  the  use  of  rings. 

^  Q.  What  would  be  the  consequence  of  using  rings  in 
puppet-valves  ? 

A.  The  consequence  would  be  that  the  valve  would  shut 
before  it  found  its  seat — it  would  arrest  the  delivery. 

410  Q.  Would  it  occasion  a  loss  of  power  in  the  working  of 
the  engine  ? 

A.  Yes;  because  during  the  time  it  was  passing  there, 
there  would  be  a  wire-draAving  of  the  steam. 

Q.  Now,  sir,  in  both  these  engines,  if  you  Avithdraw  the 
stops  in  this  of  the  defendants — if  you  lift  up  the  stop,  so 
that  the  lifter-rod  Avill  not  come  in  contact  with  it  during 
any  portion  of  the  stroke,  and  in  Sickels’  you  move  the 
sliding-piece  so  that  the  spring-catches  will  not  come  in 
contact  with  the  stoj),  Avhat  Avould  be  the  consequence  upon 
the  working  of  the  engine  ? 
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A.  They  will  not  cutoff;  they  will  work  continuously,  411 
as  in  the  old  engine,  before  its  modification. 

Q.  Tlien  the  use  of  a  stop  to  effect  the  disconnection  of 
the  parts  is  an  essential  element  in  the  combination  of  both 
these  engines  ? 

A.  Yes;  in  describing  that  dash-pot,  yesterday,  in  the 
defendants’  engine,  I  spoke  of  its  meeting  with  a  solid  re¬ 
sistance  when  the  plunger  had  fallen  below  the  hole  ;  I  so 
used  that  term,  in  answer  to  a  special  question,  being  well 
aware  at  the  time  that,  to  prevent  recoil,  it  was  not  a  solid 
compression  of  the  air,  but  that  there  must  be  a  slight  es-  412 
cape  through  the  annular  surface,  which  practically  must 
occur  in  a  large  way,  to  permit  the  falling  of  that  piston. 

Q.  There  is  then,  if  I  understand  tmu,  a  slight  passage 
for  the  air,  after  the  piston  descends  below  the  aperture  or 
outlet  ? 

A.  Yes,  particularly  when  impinged  upon  by  a  piston 
fallino’  at  that  speed. 

Q.  1  oil  were  asked,  yesterday,  whether  the  rotating 
valve  on  the  defendants’  en2:ine  ever  raises  from  its  seat 
and  slams  thereon  ;  I  want  to  know  whether  that  ever  can  413 
occur,  and  the  reasons  why  ? 

A.  That  which  practically  is  collateral  with  it  can  occur ; 

I  have  before  remarked  that  this  valve  may  be  supposed  to 
represent  a  section  of  the  plug  of  an  ordinary  stop  or  water 
cock,  and  that,  if,  instead  of  using  the  plug  of  that  cock  for 
continuous  turning,  to  perform  its  office,  you  should  remove 
it  with  the  blow  of  a  hammer,  which  would  have  a  tendency 
to  make  it  bear  more  at  the  jioint  and  less  at  the  heel,  or 
more  at  the  heel  and  less  at  the  point,  at  one  time  than  at 
another,  and  that,  by  an  absolute  momentum,  as  in  the  414 
blow  of  a  hammer,  it  would  abrade  a  line  upon  the  surface 
of  the  barrel  of  that  cock,  and  would  render  it  inert  after 
a  time ;  that  is  collateral  with  the  harm  done  by  the  slam  ; 
and  this  aiTangement  prevents  this  momentum  being  thrown 
upon  the  valve,  as  it  would  be  if  it  were  not  for  the  dash-pot 
put  here.  The  action  of  this  falling  weight  upon  this  valve- 
stem,  at  its  centre,  would  be  the  same  as  the  blow  of  a  ham¬ 
mer  upon  the  centre  of  this  valve-stem ;  it  would  make  it 
vibrate,  no  matter  how  rigidly  this  bar  is  fixed.  The  blow  415 
of  a  hammer,  in  contradistinction  to  any  continued  force, 
would  pulsate  to  the  fil)re  of  the  metal,  so  as  to  alter  its 
parallelism  for  all  practical  purposes ;  the  various  portions 
of  the  dash-pot  in  this  machine  show  the  necessity,  of  its 
use  to  these  parts. 

Q.  Camiot  a  series  of  plates  of  metal,  placed  upon  each 
other,  be  reduced  in  thickness  by  striking  the  upper  one — 
the  whole  mass  being  placed  upon  an  anvil  ? 

A.  Ill  the  ordinarv  beatino;  of  o'old-leaf  there  are  nianv 
sheets  one  above  the  other,  and  the  blow  upon  the  upper 
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416  sheet  receives  a  momentum  which  diifuses  itself  through 
the  whole  mass,  and  heats  the  whole  pile ;  that  is  the  way 
in  which  gold-leaf  is  reduced  ;  and  this  is  precisely  as  the 
slam  would  he  diffused  through  the  parts  of  that  engine, 
connected  with  each  other,  if  it  were  not  for  the  arrange¬ 
ment  of  the  dash-pot. 

On  being  further  cross- eucamined  by  Mr.  Blatchford,  the 
witness,  James  J.  Mapes,  testified  as  follows : 

Q.  In  regard  to  the  lap  of  the  valve  beyond  the  point 
where  the  port  is  closed,  I  understood  you  to  say  that  you 
saw  nothing  in  that  but  a  loss  of  power,  and  that,  in  the 
puppet-valve  arrangement,  an  equivalent  for  this  lap  was 
the  use  of  a  check-ring.  In  that  connection,  sir,  I  want  to 
ask  you  whether,  in  engines  having  slide-valves,  you  see 
no  advantage  in  that  lap,  for  the  purpose  of  effecting  the 
very  rapid  closing  and  the  very  rapid  opening  of  the  port, 
for  the  purpose  of  avoiding  wire-drawing  ? 

A.  Of  what  lap? 

Q.  Of  the  lap  in  the  slide-valve,  in  order  that  the  valve 
may  rush  by  rapidly,  and  thus  prevent  wire-drawing  of  the 
steam,  by  closing  suddenly  ? 

A.  Certainly,  there  is  ai>  advantage  in  the  travel  of  the 
slide-valve,  with  such  a  degree  of  rapidity  of  the  parts  in 
its  motion,  as  would  give  tlie  most  rapid  delivery  at  the 
time  of  the  greatest  opening  of  the  port. 

Q.  In  that  view,  is  a  clieck-ring  puppet-valve  an  equi¬ 
valent  ? 

A.  I  do  not  think  it  is  in  that  case. 

On  being  further  re-examined  by  Mr.  Keller,  the  witness, 
James  J.  Mapes,  testified  as  follows  : 

Q.  I  understood  you  to  state  for  that  purpose,  that  a 
check-ring  in  a  ^juppet-valve  is  not  an  equivalent.  When 

419  the  puppet- valve  begins  to  move  up  from  its  seat  does  it 
not  move  at  its  minimum  velocity  in  an  engine  ? 

A.  Yes. 

Q.  Does  not  that  motion  go  on  accelerating  for  some 
time  ? 

A.  Yes. 

Q.  Kow,  sir,  if  a  check-ring  be  placed  around  the  valve, 
so  that  the  steam  will  not  escape  through  the  port  until 
after  the  valve  leaves  the  check-ring,  will  not  the  valve  be 
moving  faster  at  the  time  it  leaves  the  check-ring  than 
when  it  leaves  the  port  ? 

420  A.  So  far  as  that  ratio  of  speed  goes,  they  are  analogous. 

Q.  In  the  use  of  the  check-ring,  at  the  time  the  valve 

gives  admission  to  the  steam,  is  not  the  valve  moving  faster 
than  at  the  time  it  leaves  its  seat  ? 

A.  Under  that  view  of  the  subject  there  is  an  analogy  ; 
I  had  overlooked  the  position  of  the  puppet-valve  when  so 
arranged  with  the  check-ring,  in  that  part  of  its  travel. 
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The  plaintiffs  here  rested  their  case. 


The  case  was  then  opened  to  the  jury  on  the  j^art  of  the 
defendants,  by  Samuel  Blatchford,  Esq.,  and  the  court  then 
adjourned  to  December  28th,  1854,  at  11  o’clock,  A.M. 


December  28th,  1854,  11  o’clock,  A.  M. 

Thed  efendants  called  as  a  witness,  William  C.  Hibbard, 
who,  having  been  sworn,  wasexamined  by  Samuel  Blatch- 
ford,  Esq.^  one  of  the  counsel  for  the  defendants,  and  tes¬ 
tified  as  follows : 

Q.  Where  do  yon  reside  ? 

A.  In  Boston. 

Q.  What  are  and  what  have  been  yonr  pursuits  in  con¬ 
nection  with  mechanical  science  ?  State  fully  what  have  ^22 
been  your  means  of  acquiring  a  knowledge  of  the  subject. 

A.  My  present  occupation,  for  several  years  past,  has 
been  that  of  a  mechanical  engineer  and  draughtsman ;  I 
have  spent  all  my  life  in  mechanical  pursuits :  I  am  now 
mechanical  engineer  of  the  Atlantic  Works  at  Boston ; 
formerly  I  did  business  in  the  way  of  arranging  and  pre¬ 
paring  specifications  for  patents. 

Q.  As  draughtsman  ? 

A.  Yes. 

Q.  Have  you  ever  had  any  acquaintance,  practically,  423 
with  steam-engines  ? 

A.  Yes,  that  is  the  business  which  we  follow  now  ;  it  is 
a  branch  of  mechanics  that  I  have  had  more  experience  in 
than  any  other. 

Q.  Have  you  read  the  patent  and  examined  the  specifi¬ 
cation  and  drawings  of  the  patent  granted  to  F.  E.  Sickels, 
on  the  20th  of  Mav,  1842  ? 

A.  I  have. 

Q.  So  that  you  understand  the  same  ? 

A.  I  think  that  I  do. 

Q.  Will  you  examine  this  small  mahogany  model  of  the  494 
plaintiffs’  apparatus,  and  state  whether  it  is  substantially 
according  to  the  description  in  that  patent  ? 

A.  I  believe  it  is  substantiallv  correct ;  but  I  should  think 
the  black  model  which  I  have  seen  in  court  shows  the  ex¬ 
ternal  form  of  it  more  accurately ;  this  mahogany  model 
shows  the  interior  construction  of  the  dash-pot  better  than 
the  black  model  does. 

Q.  From  your  acquaintance  with  and  knowledge  of 
steam  machinery,  what  was  the  usual  way  of  acting  upon 
the  lifter  of  the  apparatus  described  in  Sickels’  specifi¬ 
cation,  at  the  time  this  patent  was  taken  out,  in  May,  1842? 

He  says  that  the  valve-stem  “  is  to  be  raised  by  the  lifter  E, 

which  is  to  be  acted  upon  in  the  usual  way.” 


425  [Witness  pointed  ont  and  explained  upon  models  the 
mode  of  acting  upon  the  lifter.] 

Q.  How  is  the  lifting-rod  moved — by  what  mechanism, 
in  connection  with  the  main  eccentric  ? 

A.  By  a  rocking-shaft. 

Q.  Will  you  point  out  the  combination  of  apparatus  that 
you  find  in  the  plaintiffs’  specification  for  the  purpose  of 
effecting  the  more  readily  cutting  off  of  the  steam  ? 

A.  The  invention  described  in  the  patent,  which  was  ap¬ 
plied  to  this  valve  and  valve-gear,  then  in  common  use,  was, 

426  instead  of  fastening  the  valve-stem  permanently  to  the  lifter, 
usually  by  a  notch  above  and  below  it,  to  connect  it,  by  the 
combination  of  a  spring  and  an  adjustable  sliding-piece, 
provided  with  an  inclined  plane,  so  that  when  the  valve 
was  in  its  movement  upward  or  downward,  as  might  be 
required,  it  should  be  disconnected  from  the  lifter,  and 
allowed  to  drop,  while  the  lifter  continued  its  motion  up¬ 
wards,  or  else  that  it  went  upwards  and  commenced  the 
movement  downwards,  and  then  detached,  and  the  valve 

427  fell  away  from  the  lifter,  descending  with  a  more  rapid  mo¬ 
tion  than  the  lifter  itself  descended  ;  by  means  of  which  the 

i  valve  could  be  tripped  at  any  portion  of  its  upward  or 

\  downward  stroke,  substantially,  and  thus  the  cut-off  be 

\  effected  at  such  points  as  might  be  determined. 

Q.  Will  you  name  the  parts  that  compose  the  combin- 
\  ation  of  that  apparatus  ? 

1  A.  The  parts  described  in  the  patent  are,  the  valve-stem 
'  B  ;  the  spring  F,  on  the  lifter  ;  the  adjustable  sliding-piece 
I  I,  with  its  wedges  or  inclined  planes,  and  their  immediate 

428  appendages  ;  I  mean  by  appendages,  the  standard  and  set 
screw  which  hold  the  sliding-piece  in  a  proper  position  to 

1  act.  By  means  of  that  combination  the  detachment  is  ef¬ 
fected  ;  and  that  I  understand  to  be  the  entire  of  that  part 
of  the  invention. 

Q.  Upon  what  does  the  point  at  which  tlie  detachment 
is  effected  depend ;  the  point  in  reference  to  the  stroke  of 
the  piston  ? 

A.  At  the  point  at  which  the  adjustable  sliding-piece  is 
fixed,  in  connection  with  the  stroke  of  the  piston  upward 
and  downward.  If  it  is  required  to  detach  before  half- 

429  stroke,  the  inclined  planes  are  so  placed  as  to  open  the 
springs,  which  spread  out  from  the  notch  upon  each  side  of 
the  valve-stem,  during  the  upward  movement; ;  but  if  it  is 
required  to  cut  off  beyond  half-stroke,  this  sliding-piece  is 
reversed,  and  the  springs  engage  with  a  different  side  of 
the  inclined  plane,  and  separate  in  the  descending  move¬ 
ment.  If  it  were  required  to  cut  off  at  either  of  these 
points,  engineers  would  adjust  the  sliding-piece  accordingly. 

Q.  Could  it,  or  not,  be  adjusted  to  cut  off  at  any  point 
of  the  entire  stroke. 


89 


A.  Xo,  strictly,  no  ;  the  shortest  motion  of  cnt-ofF  would  430 
be  to  place  the  wedges  so  low  as  to  he  in  contact  with  the 
springs  when  they  commence  to  rise ;  at  the  exact  point  of 
lialf-stroke  it  would  be  difficult,  hecanse  the  valve  has  come 
to  a  state  of  rest. 

Q.  As  a  practical  thing  ? 

A.  You  can  cut  off  at  nearly  every  point  during  the 
whole  stroke. 

Q.  Have  you  examined  this  model  of  the  engine,  used 
by  Youngs  &  Cutter  ? 

A.  I  have. 

Q.  Have  you  seen  that  engine  in  operation  ?  431 

A.  I  have. 


Q.  Have  you  seen  other  engines  constructed  upon  the 
same  principle  as  tliat  ? 

A.  I  have. 

Q.  Other  engines  known  as  Mr.  Corliss'. 

A.  I  have. 


Q.  Have  you  seen  them  oi^erate  ? 

A.  Yes. 

Q.  And  examined  them  carefully  ? 

A.  Yes. 

Q.  I  mean  other  engines,  constructed  according  to  Cor¬ 
liss’  plan,  besides  the  one  used  by  the  defeiKlants  ?  432 

A.  I  have. 

Q.  So  that  you  understand  the  principle  of  construction 
and  the  mode  of  operation  ? 

A.  Yes. 


Q.  How,  sir,  in  your  opinion,  as  a  mechanical  engiiieer, 
is  the  construction,  arrangement  or  combination  of  the  ap¬ 
paratus  used  in  the  defendants’ engine,  for  more  readily 
cutting  off*  steam,  substantially  identical  with  the  con¬ 
struction,  arrangement  or  combination  of  the  apparatus 
described  in  Sickels’  speciff cation  for  that  pnr])ose 

A.  It  is  diff'erent,  in  my  judgment. 

Q.  AYill  you  be  good  enough  to  point  out  the  parts  of  the 
defendants’  combination  which  are  employed  for  that  pur¬ 
pose,  and  to  specify  in  that  connection  your  reasons  for  the 
opinion  that  thev  are  substantially  different  from  the 
plaintiffs’  ? 

A.  My  reason  for  the  opinion  that  they  are  different  is, 
that,  as  I  understand  it,  there  is  not  one  element  in  the  de¬ 
fendants’  which  goes  to  make  up  the  combination  Avhich  is 
described  in  Sickels’  patent  as  constituting  the  improve¬ 
ment  which  Avas  added  to  the  pu])])et-Auilve  and  gear  then 
in  use  ;  the  diff'erence  starts,  as  I  conceive,  from  the  com¬ 
mencement,  that  is  from  the  valves  that  are  employed  to 
admit  and  control  the  action  of  the  steam  in  the  engine. 

Q.  Point  out  the  A^alves  that  admit  steam  into  the  cyl- 
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nder  in  Corliss’  engine. 
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435  A.  The  valves  are  upon  this  side — (pointing  them  out.) 
The  valves  used  in  Corliss’  engine  are  of  the  kind  known  as 
slide-valves,  instead  of  that  form  of  valves  which  move  to 
and  from  their  seats,  which  are  called  puppet-valves,  and 
some  other  description  of  valves  which  it  is  not  now  neces¬ 
sary  to  mention ;  and  Ooidiss’  is  a  peculiar  form  of  slide- 
valve,  which  slides  in  the  arc  of  a  circle,  instead  of  sliding 
in  a  plane,  which  is  the  more  usual  form  in  engines  ordina¬ 
rily  in  use.  The  small  model,  or  piece  of  model,  that  I 
have  here,  represents  the  interior  of  the  valve-hox,  and  the 

436  form  of  valve  that  is  used  in  it ;  this  valve  slides  backward 
and  forward  upon  a  curved  seat,  and  it  opens  and  closes  the 
port  into  which  steam  is  admitted,  in  a  manner  analogous 
to  the  ordinary  slide-valve,  which  draws  straight  upon  a  sur¬ 
face,  and  opens  the  port  in  a  similar  way.  Tliese  sliding  or 
turning  valves — sliding  in  the  arc  of  a  circle — can  he  actu¬ 
ated  hy  a  rock-sliahi^  placed  in  the  centre  of  that  circle, 

'^without  the  usual  appendage  known  as  a  valve-stem  ;  for 
instance,  if  the  sliding-valve  slide  within  a  steam-chest,  it 
would  require  some  rod  to  pass  within  the  steam-chest, 

437  through  a  stuffing-box,  to  actuate  it ;  that  is  called  a  valve- 
stem,  and  is  necessary  to  the  ordinary  use  of  slide-valves, 
and  also  of  puppet-valves.  This  j^eculiar  mode  of  actu¬ 
ating  the  valve  in  Corliss’  machine  is  due  to  the  fact  of  his 
using  valves  sliding  in  the  arc  of  a  circle,  which  permits 
that  peculiarity  in  the  arrangement  of  the  valve-gear ;  the 
motion  of  the  valve  is  in  the  direction  of  the  arc  of  a  circle, 
and  not  lengthwise ;  it  slides  in  a  curve,  instead  of  sliding 
in  a  right  line.  That  peculiarity  in  the  structure  of  Corliss’ 
valve  and  of  its  seat  gives  character  to  the  whole  valve-gear 

438  which  actuates  it.  The  four  horizontal  shafts  in  Corliss’ 
model  are  the  several  rock-shafts  which  actuate  the  four 
valves ;  that  is,  the  two  inlet-valves  and  the  two  exhaust- 
valves  ;  the  upper  ones  are  the  steam-valves,  and  the  low^er 
ones  the  exhaust-valves ;  tlie  rock-shafts  pass  rlirough 
stuffing-boxes  into  the  steam-chest,  and  the  large  rectan¬ 
gular  part  of  the  shaft  lies  in  a  groove  in  the  valve,  and 
causes  it  to  slide  in  the  arc  of  a  circle,  so  as  to  give  it  move¬ 
ment,  to  uncover  the  port  and  close  it  again  at  the  proper 

439  time.  The  motion  to  work  the  valve  is  derived  from  the 
eccentric  upon  the  main  shaft,  conslructed  in  the  usual 
way,  and  from  that  communicated  to  a  peculiar  kind  of 
rocker,  technically  called  a  wrist-plate,which  is,  in  effect,  four 
rocker-arms  or  cranks ;  it  is  the  same  in  effect  as  four  cranks 
set  at  differeiirpomts  around  the  centre,  with  another  crank 
or  arm  to  receive  the  mbiion  from  the  eccentric  ;  by  the 
back  and  forward  motion  imparted  by  the  eccenti*ic,  it  will 
be  perceived  that  each  connecting  rod  which  connects  this 

,  wrist-plate  with  a  rocker-arm  upon  the  rock-shaft  of  the 
s  valve,  is  made  to  come  near  to  Avhat  is  known  in  mechanics 
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as  its  dead  point,  Avldle  the  Avrist-plate  is  yet  in  motion ;  440 
the  purpose  of  this  combination  of  the  rods,  wrist-plate  and 
rock-shafts  with  the  valves,  is,  in  effect,  to  give  a  rapid 
movement  at  the  opening  and  closing  of  the  vahms.  After 
tlie  A'alve  has  closed  the  port  it  should  have  a  sIoav  move¬ 
ment,  when  the  lifter  is  at  rest ;  wliile  thus  inoj)erative,  it 
is  the  purpose  of  the  valve-gear  to  give  a  small  motion,  and 
this  arrangement  effects  that  object. 

Q.  At  the  time  the  valve  is  closed  ^ 

A.  After  it  is  closed;  and,  at  the  time  it  commences  to 
open,  it  begins  a  movement  in  an  oj^posite  direction  from  a  441 
state  of  rest,  and  goes  to  a  rapid  ])art  of  its  movement  be¬ 
fore  it  becomes  operative  to  permit  the  escape  of  steam, 
thus  preAmnting  the  result  which  has  been  heretofore  de- 
^  scribed  as  Avire-eraAving.  (Witness  illustrated  the  move¬ 
ment  on  (Jorliss’  model,  and  continued :)  The  valve,  it  will 
be  perceiA- ed,  is  nioAmd  for  a  considerable  distance,  and  its 
motion,  at  the  throAv  of  the  crank,  becomes  rapid,  opening 
its  port  Avith  a  rapid  moAmment,  all  the  moA'ement  of  the 
valve  beyond  that  being  simply  to  use  u]a  the  time ;  it  is 
thus  put  in  movement  Avithout  any  shock — by  a  perfectly  442 
noiseless  movement  of  the  mechanisin.  To  effect  the  further 
object,  then,  of  freely  admitting  and  permitting  the  ingress 
and  egress  of  steam — to  effect  the  })urpose  of  a  cut-off,  sf) 
as  to  work  steam  expansiA^ely,  (that  is  arresting  the  influx 
of  steam  at  any  required  point  in  the  stroke,)  the  hook-rod 
in  Corliss’  engine  is  made  to  eno'ase  Avith  the  rocker-arm 

o  o  o 

by  means  of  a  catch  upon  that  arm  being  forced  against 
the  notch  in  the  rod,  by  a  spring  underneath  the  rod.  In 
the  movement  of  the  rod  backwards  and  forwards  it  has  a  443 
longitudinal  moAmment,  and  also  a  lateral  movement,  Avhich 
it  derives  from  the  peculiar  nature  of  the  Avrist-plate  from 
Avhich  it  receiAms  its  motion.  By  placing  the  brass  slide  in 
Corliss’  engine  nearer  or  further  from  the  hook-rod,  that  rod 
Avill  impinge  against  the  slide  sooner  or  later,  and  aauII 
therefore  effect  the  detachment  sooner  or  later,  and  thus 
cut  off'  steam  at  a  longer  or  shorter  portion  of  its  stroke  ; 
the  brass  slide,  which  serves  as  a  fulcrum  for  the  hook-rod, 
is  placed  in  position  by  a  rod  abo\m  it,  provided  Avith  two 
inclined  planes,  one  for  each  end  of  the  engine,  which  rod  444 
is  connected  Avith  the  governor,  or  rather  is  placed  in  po¬ 
sition  by  the  goA^ernor,  and  thus,  being  under  the  control  of 
the  governor,  determines  the  point  at  which  the  cut-off* shall  , 
be  effected  by  the  A^elocitA'  of  the  eno^ine  itself. 

{2f)\  Keller  submitted  to  tlie  court  Avhetlier  it  Avas  pro})er 
for  the  defendants  in  this  ease,  to  go  beyond  the  ap})aratus 
for  tripping  the  A^alves,  and  arresting  or  governing  the 
closing  of  the  vahms. 

The  court  allowed  the  testimonv. 
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445  Mr.  Keller.  Tlieii,  your  Honor,  sliall  we  not  have  a  right 
to  rebut  ? 

The  Court.  Certainly.) 

Q.  Explain  the  whole  action  of  the  governor,  in  con¬ 
nection  with  the  detachment  ? 

A.  The  governor,  through  the  intervention  of  the  me¬ 
chanism  shown  upon  the  model,  has  the  effect,  of  placing 
the  brass  stem  or  stop  which  determines  the  point  of  cut-otf 
in  a  position  according  to  what  the  velocity  of  the  engine 

446  requires;  the  effect  of  that,  in  the  operation  of  the  steam, 
is,  in  general  terms,  to  make  the  engine,  under  all  conditions 
of  tension  of  the  steam  and  of  the  work  upon  it,  act  with  a 
maximum  expansion ;  you  get  the  greatest  amount  of  ex¬ 
pansion  that  can  be  got  in  an  engine ;  in  that  respect  it 
produces  an  effect  which  cannot  be  attained  by  regulating  . 
a  cut-ofi*  of  steam  by  separate  devices ;  therefore  it  is  of 
great  advantage  to  use  it  with  a  maximum  expansion. 

Q.  As  a  mechanical  engineer,  in  Mr.  Corliss’  engine,  the 
governor  being  connected  with  the  cut-off  valves,  and  no 

447  throttle-valve  at  all  being  listed,  what  object,  in  the  econom¬ 
ical  use  of  the  steam,  do  you  see  developed  in  that 
apparatus 

A.  The  object  which  I  stated  before — that  is,  working 
steam  under  all  conditions  of  work  upon  the  engine  and  of 
pressure  in  the  boiler,  at  the  maximum  pressure  which  you 
can  derive  from  the  steam  in  the  boiler.  The  greater  the 
amount  of  expansion,  (the  amount  of  expansion  being  com¬ 
paratively  a  measure  of  the  useful  effect  derived  from  the 
steam,)  the  greater  the  economy  in  the  working  of  the  en- 

448  gh^e  within  ordinary  limits. 

Q.  As  a  practical  question,  in  the  operation  of  Corliss’ 
engine,  have  you  tested  it  by  any  means  ? 

A.  I  have  made  diagrams  of  the  operati('>n  of  the  engine, 
when  working. 

Q.  This  engine  of  Youngs  A  Cutter’s? 

(The  plaintiffs’  counsel  objected  to  this  question,  and  the 
objection  was  sustained  by  the  court,  and  the  question  was 
overruled.) 

Q.  In  the  defendants’  engine,  as  ari’anged  in  connection 
with  the  governor,  how  do  you  find  it  constructed  and 

449  adapted  to  regulating  the  cut-off*  according  to  the  varying 
load  or  work  that  it  has  to  perform,  and  according  to  the 
varying  pressure  of  the  steam  ? 

A.  In  general  terms,  it  is  by  combining  the  governor 
with  the  valve-gear,  so  that  it  shall  place  the  stop  in  a  4)0- 
sition  to  impinge  against  the  hook-rod,  which  position 
governs  the  point  at  which  the  cut-off  will  be  eff'ected. 

Q.  What  will  that  point  at  which  the  cut-off  shall  be 
effected,  depend  upon  ultimately? 

A..  It  will  depend  upon  the  velocity  of  the  engine. 
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Q.  Wliat  will  tliat  velocity  depend  upon  ?  450 

A.  It  wdll  depend  upon  two  causes,  the  varying  tension 
of  the  steam  and  the  varying  load  upon  the  engine. 

Q.  Show  minutely,  upon  the  mechanism  of  Corliss’  en¬ 
gine,  how  an  increase  or  reduction  of  load  operates,  through 
the  balls  of  the  governor,  and  tlirongli  tlie  other  mechanism, 
upon  the  point  of  cut-off. 

A.  The  reoailator  or  o’overnor  is  an  instrument  hv  which 
the  position  or  height  of  the  ])lane  of  revolution,  as  it  is 
called,  of  the  balls,  depends  upon  the  velocity  with  which 
they  rotate,  and  that  again  depends  upon  the  velocity  of  451 
the  engine,  because  tlie  governor  derives  its  power  from 
the  engine.  If  the  engineer  wishes  to  run  forty,  the  gov¬ 
ernor  is  so  connected  with  the  engine,  that  when  revolving 
at  forty,  the  plane  of  revolution  shall  be  so  higli  as  to  put 
the  brass  stem  or  stop  in  a  given  position,  which  admits 
steam  sufficientlv  lono’  to  o'ive  the  engine  fortv  revolutions 
a  minute.  If  the  tension  increases  the  velocity  of  the  mo¬ 
tion  of  the  engine,  the  plane  of  the  balls  will  rise,  and,  acting 
on  the  wedges,  will  move  them  so  as  to  press  down  the 
sto]),  and  cause  it  to  impinge  sooner  against  the  hook  rod, 
and  produce  a  detachment  sooner,  and  thus  a  short  point  of  452 
cut-off.  The  reverse  takes  place  when  the  moAmment  be¬ 
comes  slower. 

Q.  I  now  revert  to  the  lirst  question  which  I  jmt  to  you, 
and  that  Avas  in  regard  to  combinations  connected  Acitli  the 
detachment  in  the  tA\^o  eugines, — Avhether  von  Ibund  those 
combinations  of  apparatus  in  the  tAvo  engines  substantially 
different  or  substantially  alike.  You  said  you  found  them 
substantially  different.  Please  go  on  and  give  your  reasons 
why  vou  deem  them  substantiallA"  different. 

A.  I  gave  as  my  reason  then,  that  I  do  not  find,  as  Icon-  453 
ceive,  a  single  element  which  makes  up  the  combination 
described  in  Sickels’  patant,  either  in  form,  or,  as  I  conceive, 
in  funclkaii  The  similaritA^  betAveen  the  machines  is  this : 
that  they  both  effect  a  detatchment  of  the  AOiAe  from  the 
mechanism  that  opens  it ;  but  the  means  by  Avhich  that  de¬ 
tachment  is  effected  I  conceive  to  be  su1)stantially  and 
Avidely  different,  and  a  differen  e  depeiidiug,  primarily, 
upon  the  different  kind  of  vahm  used  in  connection  Avith  the 
engine,  and  so  the  same  distinctive  eharactei'istics  are  car-  454 
ried  through  the  entire  valve-gear. 

Q.  I  Avill  ask  yon  to  direct  your  attention  to  the  action 
of  the  Avedges  or  inclined  planes  in  the  plaintiffs’  apparatus, 
for  the  purpose  of  effecting  the  detachment,  and  state 
Avliether  you  find  any  action  of  that  kind  in  the  defendants’ 
apparams  I 

A.  I  do  not.  I  do  iiot  see  anv  thing  that  answers  to  it, 
or  Avliat  is,  mechanically,  the  action  of  an  inclined  plane, 

Q.  Explain  the  action  of  the  connecting  rod. 
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455  A.  Tlie  movement  by  wliicli  tlie  detachment  is  effected 
is  the  lateral  movement  of  the  rod,  in  a  downward  direction, 
passing  over,  or  under  rather,  and  moving  around  the  brass 
stem  as  a  fulcrmn,  in  connection  with  a  longitudinal  move¬ 
ment  which  02:>ens  the  valve.  It  has  a  peculiarity  imparted 
to  it  by  the  wrist-plate  and  the  rockers,  which  control  the 
movement  at  each  end,  causiim  it  to  be  a  swinmno;  rod  until 
it  comes  in  contact  with  the  fulerum  ;  it  then  vibrates  over 
it  in  the  manner  of  a  lever,  throwing  tlie  outer  end,  or  end 
more  remote  from  the  wrist-plate,  away  from  its  rocker,  the 

456  rocker  moving  in  the  arc  of  a  circle  away  from  the  rod,  and 
thus  the  sundering  of  the  connection  is  effected.  There  is 
no  action  of  an  incline  there  that  I  can  perceive. 

Q.  In  that  connection,  sir,  I  would  ask  you  what  effect 
has  the  fact  that  the  connecting-hook  is  in  different  po¬ 
sitions,  and  that  the  lines  represented  by  its  upper  surface, 
at  two  of  its  different  positions,  would  form  a  wedge ;  what 
effect  has  tliat  in  the  business  of  detaching  ? 

A.  The  fact  that  it  stands  in  two  different  positions  only 

457  indicates  that  it  lias  been  moved  from  one  to  the  other,  and 
that  it  is  the  action  of  a  level*.  The  mechanical  definition 
of  an  incline  is,  that  the  impinging  surface  should  move  in 
the  direction  of  its  angle  to  its  surface  ;  it  is  merely,  in  this 
case,  a  change  of  position  ;  it  is  another  way  of  stating  that 
it  changes  the  direction  of  its  motion ;  the  stop  being  per¬ 
manent,  it  moves  in  the  direction  of  the  impinging  surface, 
and  it  is  simply  one  surface  moving  over  another ;  it  is 
not  the  action  of  an  incline,  or  any  thing  approaching  it,  in 
my  judgment. 

458  Q.  I  will  call  yoiu*  attention  particularly  to  what,  in  the 
plaintiffs’  combination,  is  specified  as  a  ‘‘  spring  u^ion  the 
lifter,”  and  ask  you  whether  you  find  that,  or  any  equiv¬ 
alent  for  it,  in  the  defendants’  apparatus  ? 

A.  No,  nor  anything  that  has  any  such  jmrpose  ;  one  of 
[  the  objects  of  the  spring  upon  the  lifter,  in  the  plaintiffs’ 

/  machine,  is  to  give  that  flexible  latch,  (so  made  for  the  pur- 

i  pose  of  permitting  it  to  pass  the  stop  without  detaching) — 

i  a  latch  on  its  return  ;  there  is  no  such  purjiose  in  the  defend¬ 

ants’  machine,  nothing  similar  whicli  effects  the  connection  ; 

459  the  only  similarity  is  that  there  is  a  spring  there  which 
presses  the  parts  together  to  engage  them ;  there  is  some 
analogy  in  the  mechanical  action,  but  it  is  nut  tlie  same 
thing,  as  I  conceive. 

,  Q.  I  understood  you  to  say  that  in  the  defendants'  ar- 
I’angement  there  cannot  be  a  cut-off  beyond  half-stroke. 
Will  you  show  the  arrangement  upon  the  model  ? 

A.  You  can  cut  off  very  near  the  point  of  half-stroke";  it 
is  not  effected  until  the  valve  closes  its  port. 

Q.  Why  is  that?  Show  it  in  the  defendants’  apparatus. 

A,  It  is  because  the  hook-rod  is  moving  in  a  direction 
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towards  the  wrist-plate  only  during  the  lii'st  half  of  the  460 
stroke  of  the  engine ;  the  last  half  it  is  moving  in  an  oppo¬ 
site  direction,  and  it  can  only  detach  Avhen  inovino:  towards 
the  wTist-plate. 

Q.  I  will  now  draw  your  attention  to  the  ap]iaratus  de¬ 
scribed  in  the  plaintifis’  specilication,  tor  the  purpose  of 
regulating  the  closing  of  the  yalves,  and  effectually  pre¬ 
venting  them  from  slamming.  Will  you  tell  us,  from  tlie 
model,  what  combination  of  apparatus  you  tind  described 
in  the  plaintiffs’  specification  for  that  purpose  i 

A.  The  apparatus  employed  by  the  plaintiffs,  in 
connection  with  puppet-valves,  is  a  water  reservoir, 
containing  within  it  an  adjustable  cup,  into  which  a 
plunger,  attached  permanently  to  the  valve,  is  made 
to  enter  a  short  distance,  the  adjustable  cup  being  ini- 
mei*sed  in  water,  or  some  other  fluid  which  is  equivalent  to 
it ;  a  portion  of  the  water  is  enclosed  within  the  cup,  and 
there  being  but  a  small  escape  between  the  interior  of  the 
cup  and  the  exterior  of  the  plunger,  the  descent  of  the 
plunger  can  only  be  just  in  proportion  to  the  rapidity  of 
the  escape  of  the  water ;  this  cup  is  made  to  be  raised  or  4^2 
lowered,  so  as  to  oflPer  that  obstruction  to  the  descent  of  the 
A^alve  at  such  point  as  is  required  in  the  working  of  the  en¬ 
gine  ;  if  it  falls  with  greater  momentum,  it  will  require  to 
be  checked  sooner,  and  if  Avith  less  momentum,  later  ;  the 
longer  it  cuts  off  before  half-stroke,  the  higher  the  A^alve 
Avill  be  raised ;  the  higher  the  adjustable  sliding  piece  is 
set,  the  higher  the  A-ah'e  Avill  be  raised  before  it  detaches, 
and,  therefore,  the  greater  distance  it  will  fall.  Puppet- 
valves,  which  move  in  a  direction  at  right-angles  to  their 
seats,  require  considerable  resistance  to  stop  them,  so  that  4^3 
they  shall  come  doAvn  upon  their  seats  without  any  mjurious 
blow,  and  thus  abrade  the  surface,  and  make  them  leak  ; 
the  apparatus  described  in  the  patent  is  for  overcoming 
that,  by  offering  a  determined  degree  of  resistance,  by  means 
of  the  adjustable  cup,  acting  with  the  plunger,  and  ad¬ 
mitting  that  to  be  regulated,  so  as  to  make  resistance  at  the 
point  required  for  the  working  of  the  engine. 

Q.  Does  that  apparatus,  so  constructed,  effect  the  hvo 
objects  Avliich  are  mentioned  in  the  last  question,  namely  : 
the  regulating  of  the  closing  of  the  valves,  and  preventing  4^4 
them  from  slamming  ? 

A.  It  Avould  do  that,  if  properly  constructed. 

Q.  You  have,  also  noticed,  in  the  operation  of  the  defend¬ 
ants’  engine,  the  working  of  the  av eight  in  the  air-cylinder, 
in  connection  Avith  the  detachment  and  the  closino;  of  the 
A^alve — have  you  not  ? 

A.  I  have. 

Q.  Will  you  state  Avhether,  in  your  opinion  as  a  mechan¬ 
ical  engineer,  the  apparatus  in  that  comiection  in  the 
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465  defendants’  machine  is  substantially  identical  or  not  with 
the  construction  and  arrangement  of  the  apparatus  in  the 
plaintiffs’  machine,  foi'  the  purpose  of  I’egulating  the  closing 
and  preventing  the  slamming  of  the  valves  ? 

A.  I  think  they  are  substantially  different  combinations, 
arising  primarily  from  the  substantial  difference  in  the  oper¬ 
ation  of  the  valves  witli  wdiich  they  are  connected. 

Q.  Will  you  give  your  reasons  for  your  opinion  that  they 
are  substantially  different,  both  in  regard  to  their  con¬ 
struction  and  mode  of  operation  ? 

A.  The  distinction  in  the  nature  of  the  valves  is  this : 
that  the  slide-valves  never  leave  their  seats ;  they  simply 
slide  upon  their  seats,  changing  their  position,  and  still 
continually  resting  upon  the  same  surface — that  is,  the  sur¬ 
face  of  the  valve  remains  continually  with  its  seat,  and 
therefore  the  valve  can  never  come  to  its  seat ;  and  there  is 
no  possibility  of  making  a  valve  slam  unless  it  leaves  its 
seat  and  approaches  it.  There  is  no  combination  of  the 
dash-pot  for  any  such  purpose,  in  connection  with  the 
valves,  as  tliere  is  in  the  plaintiffs’  machine ;  there  is  no 
467j(  slamming  to  be  prevented ;  there  is  no  shutting  to  be  re¬ 
tarded,  that  is,  there  is  no  necessity  for  checking  the  valve 
before  it  reaches  its ,  seat,  because  it  does  not  leave  it ;  the 
action  of  ths  slide-valve  depends  upon  the  nature  of  the 
valve  itself ;  in  the  defendants’  machine  the  effect  of  the 
weight  is  to  close  the  valve,  after  it  is  detached  from  the 
.valve-gear,  and  the  purpose  of  the  air  dash-pot  is  to  per¬ 
mit  the  weight  to  come  down  to  a  state  of  rest  without 
shock  and  without  noise  ;  it  requires  no  nicety  of  adjust¬ 
ment  as  regards  the  closing  of  the  valve  ;  it  is  only  iieces- 
sary  that  the  gear  should  be  stopped  at  sucli  a  position  that 
the  hook  can  engage  w^ith  it  the  next  time  ;  if  it  stops  a 
little  short  of  this,  by  the  action  of  the  dasli-pot,  it  is  of  no 
material  consequence,  provided  it  can  be  forced  further, 
because  the  hook-rod  pushes  it  further,  until  it  comes  to  a 
position  where  it  can  engage  with  the  liook-rod ;  its  con¬ 
nection  with  the  valve,  and  the  purposes  for  whiclp  it  is 
applied,  ap^^ear  to  me  to  be  substantially  different  from  the 
other. 

Q.  In  witnessing  the  practical  operation  of  the  defend¬ 
ants’  engine,  did  you  notice  the  position  of  the  weight,  in 
reference  to  the  hole  in  the  side  of  the  air-cylinder,  at  the 
time  the  port  was  closed  ? 

A.  I  did,  in  connection  with  some  other  gentlemen ;  we 
took  a  series  of  measurements,  in  connection  with  a  certain 
mark  ;  the  valve  being  enclosed  in  the  engine,  working,  w’^e 
could  not  see  the  valve  itself,  but  a  certain  mark  was  made 
next  the  rocker ;  assuming  that  to  be  the  point,  where  the 
valve  was  just  closed,  we  took  some  measurements. 
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Q.  What  was  the  result  ?  470 

A.  Assuming  that  to  he  the  closing  point,  the  bottom  of 
the  weight  was  from  one-lialf  of  an  inch  to  hve-eigliths  of  an 
inch  above  the  top  of  the  orifice. 

Q.  When  the  port  was  wholly  closed  ? 

A.  Yes ;  and  it  requires  that  to  enable  the  rocker  to  move 
past  the  point  of  closing,  to  use  up  the  time  in  the  motion 
(fi"  the  eccentric  ;  when  it  is  necessary  to  cut  ofi*  sliort,  then 
the  valve  should  pass  the  port,  in  order  that  it  may  close 
with  a  rapid  motion,  as  it  makes  no  difierence,  in  that  con¬ 
struction  of  the  valve,  whether  it  closes  the  port  or  not,  so 
far  as  any  shock  is  concerned.  471 

Q.  Do  you  find,  in  the  defendants’  apparatus,  any  adjust¬ 
able  cup  or  secondary  reservoir  ? 

A.  I  do  not. 

Q  In  view  of  the  use  of  tlie  adjustability  of  the  cup  in 
the  plaintifts’  apparatus,  of  which  you  have  just  now 
spoken,  do  you  find  any  such  adjustability  in  the  defend¬ 
ants’  apparatus  ? 

A.  1  do  not ;  there  does  not  seem  to  be  any  use  for  it. 

Q.  What  are  the  uses  and  ofiices  of  the  falling  weight  in 
the  defendants’  air  cylinder  ?  472 

A.  To  close  the  valve,  after  the  valve-gear  has  left  it. 

Q.  What  is  the  use  and  office  of  the  air  cushion  in  the 
cylinder  of  the  defendants’  engine  ^ 

A.  To  arrest  the  falling  of  the  weight ;  to  stop  it  without 
any  shock,  after  it  has  closed  the  valve. 

Q.  In  that  construction,  is  it  material  at  all  whether  the 
connection  with  the  weight  is  a  rigid  or  a  loose  connection  ? 

A.  Hot  the  least. 

Q.  Have  you  seen  the  defendants’  engine  at  work,  with  a 
loose  connection  substituted  for  the  rigid  connection  ?  473 

A.  Yes;  one  of  the  dash-pots  had  the  rod  removed,  and 
a  small  piece  of  tarred  line  put  in  its  place  ;  it  worked  just 
as  well. 

Q.  Was  there  any  practical  difficulty  in  tlie  operation  of 
the  machine  ? 

A.  Ho  ;  probably  it  w^ould  not  be  so  durable. 

Q.  Did  you  see  any  difficulty  in  connection  with  the 
hookins:  on,  when  the  loose  connection  was  used  ? 

A.  Ho. 

Q.  Will  you  please  to  state,  sir,  whether  you  see  anything  474 
in  the  defendants’  apparatus,  as  compared  with  that  of  the 
plaintifiis,  in  regard  to  the  effect  of  the  pressure  of  the 
steam  upon  the  valve  ? 

A.  There  is  this  distinctive  difierence :  by  the  peculiar 
action  of  a  puppet- valve,  the  steam  pressing  upon  its  upper 
surface,  even  though  balanced  valves  are  used — (if  balanced 
valves  are  not  used,  it  is  a  question  of  material  consider- 
13 
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475  atioii  in  the  operation  of  the  valve) — the  increased  pressure 
of  the  steam  increases  the  momentum  of  the  falling  mass, 
that  is,  all  that  is  connected  with  the  valve.  In  the  de¬ 
fendants’  engine,  from  the  fact  that  the  surfaces  are  always 
in  contact,  any  increase  in  the  pressure  presses  the  face  of 
the  valve  and  its  seat  further  in  contact,  and  produces  in¬ 
creased  friction  ;  so  that,  in  the  working  of  the  defendants’ 
engine,  as  we  saw  it  in  operation  yesterday,  working  with 
a  line  substituted  for  the  dash-pot  rod,  the  pressure  of  the 
steam  upon  the  valve,  after  it  has  closed  the  port,  in  effect, 

476  causes  a  retardation  in  the  descent  of  the  weight. 

Q.  In  connection  with  the  effect  which  you  have  just 
mentioned,  as  to  the  pressure  of  steam  in  the  defendants’ 
engine,  do  you  hud  any  similar  or  contrary  effect  of  the 
pressure  of  steam  in  the  plaintiffs’  apparatus  ? 

A.  It  seems  to  he  directly  contrary,  so  far  as  relates  to 
the  closinir  of  the  valve;  inSickels’  the  effect  is  to  accel¬ 
erate  the  moving  of  the  valve,  and  in  Corliss’  to  retard  it. 

Q.  For  all  substantial  purposes  and  uses,  is  or  not  water 

477  regarded  as  an  incompressible  fluid 

A.  As  far  as  we  use  it  mechanically,  we  call  it  incom¬ 
pressible;  its  degree  of  compressibility  is  so  small  that, 
mechanically,  no  use  is  made  of  it,  so  far  as  I  am  acquainted. 

Q.  How  is  it  with  reference  to  air  ? 

A.  That  is  very  compressilhe  ;  it  is  one  of  the  elastic 
fluids,”  as  it  is  called, 

Q.  Is  it  known  and  spoken  of  as  a  C()mpressil)le  and 
elastic  fluid  ? 

A.  Yes. 

478  Q.  Can  the  apparatus  of  the  plaintiffs  for  the  more 
readily  cutting  off*  steam,  be  used  or  not  as  a  practical 
thing,  except  in  connection  with  an  adjustable  cup  or  sec¬ 
ondary  reservoir,  as  described  in  Sick  els’  patent  ? 

A.  It  must  have  an  adjustable  cup  in  connection  with  it; 
I  think  it  might  be  put  above  instead  of  undenieath  it,  but 
there  must  be  the  same  rigid  connection  between  the  two, 
and  the  same  adjustability  between  the  two,  to  vary  the 
condition  of  the  cut-off* ;  if  the  cut-off*  were  to  be  changed 
to  any  extent,  it  would  require  the  adjustment  of  the  water- 

479  reservoir. 

Q.  If  you  used  the  plaintiff’s’  tripping  apparatus,  without 
using  the  apparatus  to  check  the  descent  of  the  valve,  what 
would  be  the  consequence  in  the  operation  of  the  ma¬ 
chinery 

A.  It  would  destroy  it  in  a  very  short  time  if  the  valve 
were  allowed  to  fall  unobstructed ;  it  seems  particularly  ap¬ 
propriate  to  the  kind  of  dash-pot  used,  and  to  the  employ¬ 
ment  of  water,  from  the  fact  that  water  is  supplied  from  the 
condenser,  and  from  tlie  fact  that  precision  in  the  adjust- 
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nieiit  of  the  point  of  resistance  is  necessary.  A  non-elastic 
fluid  seems  to  be  indispensable  to  be  used  in  that  dash-pot, 
because  elasticity  is  not  the  property  which  is  to  arrest  the 
shock,  but  the  escape  of  the  water  out  of  the  secondary  re¬ 
servoir  ;  and  its  rate  of  escape  governs  the  rate  of  the  descent 
of  the  valve. 


(The  counsel  for  the  defendants  then  oflered  to  prove  by 
tlie  witness,  HihharcL  what  was  the  state  of  the  arts  in 
reo'ard  to  the  cuttine;  oft*  of  steam  in  workino-  the  steam- 
engine,  at  the  time  Sickels  invented  the  improvements 
covered  by  his  patent ;  and  also  that  apparatus  for  eft'ecting 
a  cutting  oft*  of  the  steam  at  steam  puppet-valves,  in 
working  the  steam  engine,  by  detaching  such  valves  from 
the  mechanism  that  operated  them,  and  allowing  them  to 
come  to  their  seats  hv  the  force  of  OTavitv,  or  throua^h  the 
tailing  of  a  weight ;  and  also  a  water  dash-pot  and  plunger, 
to  aiTest  the  momentum  of  such  falling,  weight,  and  prevent 
the  concussion  and  slam  of  such  puppet-valve  upon  its  seat 
when  closing  in  consequence  such  detachment,  Avere  knoAvn 
and  used,  and  had  been  described  in  printed  publications 
prior  to  the  time  when  Sickels  invented  his  said  improA'e- 
ments.  Tliis  eAudence  Avas  oft*ered  by  the  defendants  for 
the  purpose  of  furnishing  the  court  Acith  information  upon 
Avliich  to  giA’e  a  proper  construction  to  the  claims  of  Sickels’ 
patent,  and  for  the  purpose  of  shoAA'ing  that  the  patent  must 
be  construed  to  claim  oiiIa'  the  construction,  arrano^ement,  or 
combination  of  the  particular  apparatus  described  by  Sickels 
in  liis  speciflcation  for  eftecting  the  cutting  oft*  of  the  steam 
in  working  the  steam  engine,  by  means  of  steam  puppet- 
vah^es,  and  to  claim  onh'  the  construction  or  arrano^ement 
(»f  the  particular  apparatus  described  by  Sickels  in  his  spe- 
ciftcation  for  preventing  the  slamming  of  such  puppet- 
A^alve  upon  its  seat. 

The  counsel  tor  the  plaintift*s  objected  to  the  introduction 
of  the  testimouA'  so  oft*ered,  and  the  court  sustained  such 
objection  and  oA^erruled  such  oft*er,  and  refused  to  alloAV  the 
defendants  to  proA^e  Avhat  their  counsel  so  oft'ered  to  proA’e. 
To  such  decision,  and  oA-erruling,  and  refusal  of  said  court, 
and  to  each  and  CA^ery  of  them,  the  counsel  for  the  defend¬ 
ants  duly  excepted.)  ' 

The  court  then  adjourned  to  December  •Jhtli,  1854,  at  1 1 
o'clock,  A. 


Dkoeaiber  1854,  11  u'ceock,  A.  Al. 


The 


direct 


e^eainination  of  WUliam  ( \  TfUthard, 


a  Avitness 


for  the  defendants,  AA^as  resumed. 

Q.  I  inquired  of  you  yesterday,  Avith  reference  to  the 
operation  of  the  defendants'  apparatus.-  if  the  connection 
betAveen  the  arm  on  the  rocker-shaft  and  the  Aveight  in  the 
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485  air-cylinder  was  a  loose  connection  instead  of  a  rigid  one, 


and  yon  replied  to  the  question.  What  would  he  the  effect, 
in  Sickels’  apparatus,  if  the  connection  above  the  plunger 
were  a  loose  connection? 

A.  It  would  render  the  dash-pot  inoperative  entirely ;  it 
would  offer  no  resistance  to  the  descent  of  the  valve ;  the 
valve  would  go  down  with  its  full  weight,  from  the  pressure 
of  the  steam  above  it. 


1  Q.  That  is,  putting  a  loose  connection  between  tlie 
plunger  and  the  valve,  in  Sickels’  engine,  as  the  loose  con- 
‘486  nection  was  put,  in  the  defendants’  engine,  between  the 
weight  and  the  valve  ? 

A.  Yes,  sir. 

Q.  Are  these  parts  of  Sickels’  apparatus,  now  exhibited 
to  you,  (DeLaine  engiiie,)  of  the  working  size,  calculated 
for  an  enmne  ? 

A.  I  suppose  they  are  ;  apparently  they  have  been  used. 

Q.  Will  you  be  goood  enougli  to  show,  in  that  apparatus, 
the  operation  of  the  detachment  ;  show  how  the  operation 
of  the  mechanism  is  effected? 

487  A.  The  parts  within  the  casing  which  represents  the 
valve-chest,  are  the  two  discs  of  the  valve ;  there  is  a  bal¬ 
anced  valve,  as  it  is  called,  or  double  beat  valve,  in  this  con¬ 
struction,  which  opens  an  aperture,  above,  and  also  one 
below  the  steam  passages,  one  acting  against  the  other ; 
it  is  represented  with  an  attachment  on  the  valve-stem,  in 
which  is  an  annular  notcli  or  groove  around,  into  which 
this  latch  upon  the  lifter  engages  at  the  proper  time;  the 
lifter  is  here  sliown,  and  within  a  liole  through  it  there  is  a 


488  motion  to  the  valve  when  engaged  witli  it. 

Q.  Explain  how  the  latch  is  crowded  off. 

A.  By  the  side  of  the  lifter  is  fixed  a  standard,  and  upon 


inclined  plane  with  the  direction  of  motion  which  the  lifter 


makes  in  rising ;  the  lifter  rises  and  impinges  against  the 
conical  piece,  and  that,  being  inclined,  forces  the  latch  out 
of  the  notch,  and  permits  tlie  valve  to  drop  ;  the  latch  is  to 
be  held  ]>ermanent,  with  a  rigidity  sufficient  to  ])ress  it  into 
489  the  notch,  wbicli  requii'es  some  force  when  the  valve  is 


heavy. 


Q.  Do  you  see  anything  upon  the  inclined  plane,  or  the 
latch  there,  that  shows  that  that  apparatus  has  been  in  ac¬ 
tual  operation? 

A.  Ap])arently  it  has  been  worn. 

Q.  Look  upon  tlie  inclined  plane  also,  and  point  out  to 
the  jury  whether  there  is  any  part  which  indicates  that  it 
has  been  worn? 

A.  The  part  against  which  the  latch  impinges,  when 
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rising,  lias  the  appearance  of  being  worn;  it  lias  been  400 
cbanged  aroimcl  in  one  or  two  places  ;  when  one  snrlace  is 
worn  out  it  can  be  cbanged  so  as  to  present  a  new  surface. 

Q.  Wliat  is  the  cause  of  wear  upon  the  inclined  plane 
and  latch  ? 

A.  It  is  the  friction  of  the  latch  with  the  valves  banging 
upon  it ;  the  latch  has  to  be  tlirown  out  of  the  groove,  under 
the  pressure  of  the  weight  of  the  valves  upon  it ;  it  is  the 
friction  of  the  parts  ;  it  has  also  to  overcome  the  pressure  491 
of  the  spring  which  causes  the  latch  to  engage  with  the 
stein. 

Q.  What  species  of  latch  do  you  call  it,  in  that  cuii- 
strnction  ? 

A.  I  do  not  know  that  I  can  answer  that ;  its  action  is 
similar  to  a  common  latch. 

Q.  Is  it  a  latch  like  the  apparatus  represented  in  the  sjie- 
cifi cation  of  Sickels’  patent,  and  shown  upon  the  small 
model  ^  492 

A.  I  do  not  think  it  is ;  it  is  not  intended  to  produce  the 
same  effects. 

Q.  Wherein  does  it  differ  in  regard  to  construction  or 
effect  i 

A.  It  would  act  cpiite  similar  to  it  so  far  as  concerns  de¬ 
tachment  upon  mere  rising :  but  the  invention  of  Sickels, 
as  I  undei*stand  it,  is  to  make  such  a  combination  of  devices 
for  attaching  the  valve-gear  to  the  stem,  that  it  can  be  de-  493 
tached  both  in  ascending  and  descending,  and  for  that  pur¬ 
pose  it  recpiires  a  ffexibility  in  the  spring  or  latch,  which 
would  permit  it  to]>ass  the  incline ;  by  bending  inward,  and 
then  resuming  its  first  position,  it  engages  with  the  inclined 
plane  in  descending,  to  open  the  valve  in  the  latter  part  of 
the  stroke. 

Q.  In  those  working  parts  do  you  find  any  ffexibility 
which  would  be  re<|uired  for  cutting  off*  beyond  half-stroke  ?  494 

A.  Xone  at  all ;  it  is  evidently  not  designed  for  that 
pm’pose. 

Q.  Will  you  be  good  enough  t<  >  state  what  the  eff'ect  upon 
the  steam  is,  of  the  use  of  a  throttle-valve  ? 

A.  Tlie  effect  is  to  reduce  the  tension ;  after  the  steam 
has  passed,  the  difference  intension  is  just  equal  to  suffi¬ 
cient  pressure  to  force  it  tluN'aigh  the  orifice  at  any  given 
velocity.  495 

Q.  What  do  you  mean  by  tension  ( 

A.  So  many  pomids  to  the  squafe  inch. 

Q.  Pushing  force  ? 

A.  \  es ;  the  force  it  exerts  against  anv  given  surface  ; 
so  many  pounds  of  pressure  exerted  upon  a  given  inch  of 
area. 

Q.  ISow,  sir,  in  connection  with  a  cut-off*  by  the  steam 
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496  valves,  is  it  or  not  advantageous  not  to  wire*draw  the 
steam  as  it  passes  through  the  steam-j)ipe,  previous  to  its 
passage  from  the  steam-chest  into  tlie  cylinder. 

A.  It  is. 

Q.  Is  there  a  loss  in  the  use  of  the  throttle  valve 

A.  There  is,  just  to  the  extent  to  which  the  pressure  is 
reduced ;  there  is  a  great  loss  in  working  steam  by  wire¬ 
drawing. 

Q.  In  taking  note  of  the  opei’ation  of  Youngs  and  Cut- 

497  ter’s  engine,  did  you  apply  any  practical  test  to  it,  to  see 
whether  or  not  the  sudden  or  quick  movement  of  the  valve, 
in  admitting  steam  into  the  cylinder,  had  any  practical 
eifect. 


A.  The  effect  was,  that  it  admitted  it,  so  that  there  was 
no  indication  whatever  of  wire-drawins:. 

Q.  How  did  you  ascertain  that  ? 

A.  By  an  Indicator. 


(Mr.  Keller  objected  to  the  introduction  of  any  testimony 
qgg  as  to  the  Indicator,  on  the  ground  that  its  indications  werepj^ 
uncertain,  and  depended  upon  a  great  variety  of  circum¬ 
stances  at  the  time  of  the  working  of  the  engine. 

Mr.  Seward  said  tliat  the  defendants  would  show  that 
their  machine  accomplished  the  purpose  of  preventing  wire¬ 
drawing  ;  and,  in  oi’der  to  do  so,  the  witness  should  be 
allowed  to  answer  as  to  the  manner  in  wliich  he  tested  it. 

The  court  decided  that  the  defendants  were  entitled  to 
show  that  their  principle  was  not  a  mere  theory.) 


499  Q.  Hid  you  apply  a  test  to  the  0])eration  of  the  defend¬ 
ants’  engine  to  satisfy  you,  as  a  mechanical  engineer,  that 
there  was  a  practical  result  from  tlie  quick  opening  and 
closing  of  the  valve  ? 

A.  I  did  ;  the  Indicator  indicated  that  there  was  no  wire¬ 
drawing  whatever  at  the  commencement  of  the  stroke,  and, 
so  far  as  we  could  see,  and  the  diagram  was  reliable,  the 
closing  of  the  valve  was  instantaneous. 

Q.  I  would  ask  you  not  merely  as  to  opening  but  also  as 
to  closing  ? 

A.  So  far  as  Ave  could  judge  from  the  diagram,  I  think 

500  the  effect  of  the  opening  and  closing  of  the  vah^e  Avas  as 
near  perfection  as  Ave  could  expect. 

Q.  Will  you  be  good  enough,  sir,  to  point  out  Avhat  pro- 
,  perties,  if  any,  you  find  in  the  valve-gear,  in  Mr.  Corliss’ 
arrangement,  Avliich  are  adapted  to  a  connection  of  the 
governor  Avith  the  cut-off  valve  ? 

A.  It  is  this  :  that,  by  a  peculiar  construction  of  the  valA^e- 
gear,  and  the  peculiar  mechanical  action  of  the  parts  by 
which  the  detachment  is  effected,  the  thing  of  Avliich  the 
regulator  controls  the  position,  that  is,  the  brass  stop  in  the 
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model,  does  not  have  to  move  by  the  regulator  and  by  the  501 
operation  of  detachment,  that  is,  the  governor  has  nothing 
to  do  at  the  instant  of  detachment,  or  while  that  is  taking 
place,  but  to  stand  still  and  do  nothing  ;  it  would,  perhaps, 
for  an  instant,  be  held  cpiiescent  by  tlie  pressure  of  the 
hook-rod  against  the  brass  sto]),  and  of  that  against  the  in¬ 
cline,  and  thus,  probably,  a  momentary  resistance  would  be 
offered  to  the  action  of  the  a’overnor. 

Q.  How  often  does  the  adjustment  of  tlie  governor  take 
place  in  the  operation  of  the  engine  ? 

A.  Twice  in  every  revolution — at  each  end  of  the  stroke.  502 

Q.  "Will  you  be  good  enough  to  state  the  effect  of  the 
operation  of  Mr.  Sickels’  valve,  described  in  Ids  patent,  in 
regard  to  the  opening  of  the  valve  port  ? 

A.  The  pup23et-valve  arranged  in  this  manner,  or  Avith 
the  gear  which  is  used  in  a  puppet-vah^e,  cannot  open,  from 
the  nature  of  its  construction,  so  rapidly  as  a  slide-valve 
moving  past  the  port,  Avhich  is  put  in  motion  before  it  ar¬ 
rives  at  the  port ;  for  the  reason  that  it  has  to  be  started 
from  a  state  of  rest,  and  of  course  must  be  started  slowly, 
and  that  sIoav  movement  necessarily  02)ens  the  port  sloAvly,  503 
which  is  rendered  of  still  more  consecpience  from  the  fact 
that  the  edges  of  the  valve,  AAdiich  constitute  the  joint  with 
the  seat,  make  but  a  small  angle,  as  they  are  generally  con¬ 
structed,  with  the  line,  that  is  to  say,  the  bevel  makes  not  a 
very  great  angle,  in  the  line  of  its  motion,  with  the  piston- 
rod  ;  those  difficulties  are  not  met  with  in  a  slide  A^alve,  as 
it  is  put  in  motion  and  is  moving  rapidly  before  the  port 
commences  to  open,  and,  from  the  nature  of  its  construction, 
it  does  not  have  to  rise  from  its  seat,  but  has  simply  to 
moA^e  to  different  positions  upon  its  seat.  504 

On  being  cross-examined  hy  Charles  J/.  Keller^  Esq.^  one 
of  the  counsel  for  the  plaintiffs,  tlie  AAutness,  William  C. 
Hibbard^  testified  as  folloAvs : 

Q.  I  Avant  to  get,  accurately,  some  statements  AAdiich  you 
made  yesterday  ;  did  I  understand  you  to  say  that  the  kind 
of  valve-gear  in  use  at  the  time  of  the  grant  of  Sickels’ 
patent  consisted  of  the  lifter-rods,  moAung  parallel  Avith  the 
AMve-stem,  and  taking  hold  of  the  A^alve-stem  by  means  of  505 
the  lifter,  and  operated  by  toes  on  a  rock-shaft,  deriving 
motion  from  the  eccentric '( 

A.  Yes ;  that  is,  so  far  as  I  have  any  personal  knoAAdedge, 
the  only  Avay  in  Avhich  they  have  been  Avorked. 

Q.  Was  that  the  kind  of  valve-gear,  sir,  in  general  use  at 
the  time  of  this  invention  ? 

A.  It  was,  for  moving  pu23pet-valves,  that  is,  in  this 
vicinity ;  at  the  West  there  Avas  a  gear  a  little  different 
from  that,  as  I  have  been  informed,  but  I  never  saw  it. 
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506  Q.  A¥as  not  the  pnppet-valve,  at|tlie  same  time,  the  kind 
of  valve  most  generally  used  in  this  country  ? 

A.  I^ot  so,  broadly  stated ;  the  slide-valve  is  more  gen¬ 
erally  used;  for  steamboats,  I  tliink,  the  puppet-valve  is 
used  more  generally  than  any  other,  but  in  stationary  en¬ 
gines  the  sliding-valve. 

Q.  Is  the  kind  of  valve-gear  which  you  have  described 
as  used  with  puppet-valves,  applicable  to  slide-valves  ? 

A.  No,  not  generally. 

Q.  What,  then,  did  you  mean,  yesterday,  by  saying  tliat 

507  the  kind  of  valve-gear  referred  to  in  Sickels’  patent,  was 
that  most  generally  in  use  at  the  time  of  his  invention. 

A.  I  meant  that  most  generally  in  use  in  connection  with 
pu232)et-valces — tlie  valves  which  he  describes  in  his  patent— 
and,  so  far  as  he  describes  any  gear,  he  describes  that  kind. 

Q.  Do  you  not  know,  as  an  engineer,  that  at  the  time  of 
this  invention  there  was  a  considerable  controversy  existing 
between  American  engineers  and  English  engineers,  as  to 
the  relative  merits  of  puppet-valves  and  slide-valves,  the 
Americans  advocating  the  puppet-valve  in  preference  to 

508  the  slide-valve,  and  the  English  advocating  the  slide-valve 
in  preference  to  the  puppet-valve  ? 

A.  I  am  not  aware  that  there  was  any  particular  contro¬ 
versy  ;  the  practice  is  that  English  engineers  generally  use 
slide  valves,  even  for  marine  engines,  and  American  en¬ 
gineers  use  puppet-valves  ;  that  is  the  practice,  but  I  am 
not  aware  that  there  has  been  any  controversy  in  the  case. 

Q.  I  will  ask  you  whether  it  was  not  a  question  of  relative 
merit,  due  to  this  circumstance,  that  tha  slide-valve,  by 
reason  of  its  connections,  is  in  motion  after  and  before  the 
steam-port  is  opened,  and  that,  in  consequence  of  that, 

509  power  is  consumed  in  moving  the  valve  during  the  time 
that  the  port  is  closed,  whilst  the  puppet-valve  does  not  con¬ 
sume  any  portion  of  the  power  of  the  engine  until  the  port 
begins  to  open  ? 

A.  If  I  understand  the  question,  those  were  consider¬ 
ations  which  determined  the  preference  of  it ;  the  question 
whether  it  was  to  be  used  or  not,  according  to  the  opinion 
of  engineers,  was  whether  the  greater  friction  of  the  slide- 
valve"  made  a  sufficient  objection  to  counteract  the  advan¬ 
tage  of  it ;  I  do  not  know  that  the  question  is  settled  to  this 

510  day. 

*Q.  Was  Mr.  Corliss  the  first  to  make  a  slide-valve,  in 
which  the  valve  woidd  be  in  motion  before  the  opening  of 
the  port  ? 

A.  No,  sir. 

(Mr.  Seward  objected  to  the  form  of  the  question,  and 
the  court  ruled  that  it  was  not  proper  to  ask  whether  Mr. 
Corliss  was  the  first  to  make  a  slide-valve.) 
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Q.  Did  I  understand  you  to  testify,  in  your  examination  511 
in  cliief,  that  sliding  and  rotating  valves  were  also  Imown 
at  the  time  of  Sickels’  invention  ? 

A.  I  do  not  know  of  my  own  knowledge ;  I  cannot  now 
recall  any  example  of  rotating  valves,  such  as  are  liere  now, 
being  used  ;  I  have  been  informed  so,  but  I  do  not  know. 

Q.  Did  you  or  did  you  not  swear  that  they  were  known 
at  the  time  of  this  invention  of  Mr.  Sickels’. 

A.  I  do  not  recollect. 

Q.  Sliding  and  rotating  valves  ? 

A.  Sliding  valves  were  known,  and  I  believe  rotating  512 
valves  were  known  at  that  time. 

Q.  That  is  all  I  want  to  know  ;  I  do  not  want  a  speech 
upon  thesubject,  but  I  want  you  to  answer  my  questions. 

Ill  all  the  various  kinds  of  valve-gear,  did  not  the  mechanism 
which  opened  the  valve  also  govern  its  closing? 

A.  What  valves  ? 

Q.  In  all  these  various  kinds  of  valve-gear,  used  both  for 
the  puppet-valve  and  the  slide-valve,  whether  straight  or 
rotating,  then  in  general  use,  did  not  the  valve-gear  wliich 
opened  the  valve  also  control  its  closing  ?  513 

A.  That  was  the  general  practice. 

{Mr.  Blatchford  objected  to  the  question  as  irrelevant. 
Objection  overruled.) 

Q.  In  all  the  varieties  of  valve-gear  then  in  use,  was 
there  not  a  rod  employed  to  form  the  connection  between 
the  eccentric,  the  cam,  or  the  rock-shaft,  which  imj^arts  the 
motion,  and  the  valve-stem,  to  impart  the  required  motion 
to  the  valve  ? 

A.  There  was  a  rod  in  connection. 

Mr.  Keller. — Cannot  you  answer  my  question  yes  or  no. 

The  Court. — Let  him  explain. 

Mr.  Keller. — Let  him  answer  and  then  explain. 

A.  It  cannot  be  answered  3^es  or  no ;  because  the  pre¬ 
mises  composing  the  question  do  not  exist ;  in  some  valve- 
gear  there  is  not  a  rock-shaft  at  all ;  there  is  always  a  rod 
connecting  the  eccentric  wdth  the  valve. 

Q.  You  have  not  understood  my  question,  or  else  you 
would  not  commence  to  answer  in  that  way ;  I  want  to 
know  whether,  in  tlie  varieties  of  valve-gear  then  in  gen¬ 
eral  use,  at  the  time  of  Sickels’  patent,  there  was  not  a  rod  515 
employed  to  form  a  connection  between  the  eccentric,  the 
cam  or  the  rock-shaft,  or  any  other  part  of  the  mechanism 
that  gives  the  motion,  and  the  valve-stem,  to  impart  the 
required  motion  to  the  valve  ? 

A.  I  can  only  answer  that  as  I  did  before,  that  some 
valves  had  valve-stems  and  some  not ;  some  sliding- valves 
were  driven  directly  from  the  rocker,  without  the  inter- 
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516  vention  of  a  valve-stem,  but  there  was  always  a  rod  con¬ 
nected  with  the  valve. 

Q.  Did  not  that  form  a  connection  in  some  way  with  the 
valve  ? 

A.  Certainly;  a  connection  between  the  eccentric  and 
the  valve. 

Q.  In  view  of  the  office  performed  by  this  rod,  in  all 
these  modes,  are  they  not  all  mechanical  equivalents  for  the 
lifter  and  lifter-rod  used  in  connection  with  the  ])uppet 
valves  ? 

517  A.  I  do  not  consider  that  they  are. 

Q.  Taking  the  steam-engine  as  a  machine,  is  not  the  sub¬ 
stitution  of  one  known  kind  of  valve  for  another  kind  the 
substitution  of  an  equivalent  ? 

A.  It  depends  upon  whether  it  is  an  equivalent  or  not. 
Its  being  known  or  unknown  has  nothing  to  do  with  the 
fact  whether  it  is  an  equivalent  or  not. 

Q.  What  is  the  purpose  of  a  valve  in  a  steam-engine  ? 
Is  it  not  to  admit  and  shut  off  the  steam  ? 

A.  Yes. 

518  Q.  Well  sir,  taking  the  combination  then  of  the  steam- 
engine,  which  consists  of  the  cylinder  and  piston,  the  steam 
pipes  leading  to  the  boiler,  and  the  exhaust  pipes,  and  the 
valves  for  alternately  opening  and  closing  the  ports,  taking 
those  as  the  mechanical  combination,  is  the  substitution  of 
one  kind  of  valve  for  another,  to  effect  the  closing  and 
opening  of  the  ports,  the  substitution  of  an  equivalent  ? 

A.  With  that  limitation  they  might  be  considered  as 
equivalent. 

Q.  In  what  connection  would  they  not  be  equivalent  ? 

519  A.  When  you  are  taking  into  consideration  the  action  of 
the  valve  by  itself,  as  compared  with  another  valve,  then 
they  are  not  equivalents  of  themselves,  though  they  may 
be  considered  as  equivalents  when  you  take  the  engine  as  a 
whole.  When  you  are  considering  the  character  of  the 
valves  by  themselves,  then  they  are  not  equivalents. 

^  Q.  Well,  sir,  on  the  assumption  that  the  first  invention  of 

the  steam-engine  consists  of  a  cylinder  and  piston,  with 
valves  for  alternately  opening  and  closing  the  ports,  to  ad- 

520  mit  and  shut  off  the  steam,  and  to  let  off  the  steam  after  it 
has  done  its  work,  working  full  stroke,  would  the  alteration 

'  of  that,  by  the  introduction  of  cut-off  valves  to  work  the 
steam  expansively,  entirely  destroy  the  original  combina¬ 
tion,  or  would  it  constitute  an  improvement  upon  the 
original  combination  ? 

A.  I  should  think  it  would  constitute  an  improvement, 
because  it  would  perform  all  the  functions  it  performed 
before,  and  something  in  addition,  performing  the  old  func¬ 
tions  in  the  same  way  as  before. 
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Q.  In  a  given  combination  of  machinery,  can  yon  snbsti-  521 
tute  one  known  equivalent,  of  ditferent  form,  for  any  one 
of  the  elements  of  that  combination,  without  making  a  cor¬ 
responding  change  in  the  form  of  the  other  parts  of  that 
combination  ? 

A.  I  cannot  answer  the  question,  it  is  so  general ;  some¬ 
times  it  might  be  necessary  and  sometimes  not ;  it  depends 
'  3r  upon  the  character  of  the  combination  ;  you  can 
ge  of  such  cases  by  an  examination  of  the  thing 

Q.  I  would  rather  generalize  ;  I  want  to  test  your  parti-  522 
cular  reasons  by  general  principles. 

The  Court. — Can  you  suggest  any  principle  to  which  you 
wish  to  draw  his  attention  % 


altogetlK 
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Q.  Can  you,  in  the  combination  of  the  steam-engine, 
substitute  sliding  valves  for  puppet- valves,  without  making 
a  corresponding  change  in  all  the  valve-gear  ? 

A.  You  cannot. 

Q.  Would  such  a  change  destroy  the  original  combination 
constituting  the  steam-engine  ? 

A.  ]^ot  as  you  state  it,  because  the  combination  consists 
of  several  aggregations  of  mechanism,  such  as  the  valve- 
gear,  piston-gear,  and  so  on  ;  modifying  one  would  not 
change  the  general  character  ;  it  would  only  change  the 
character  of  that  part. 

Q.  Does  it  not  change  the  general  form  of  the  engine  ? 

A.  To  a  certain  extent ;  it  depends  upon  a  great  many 
other  things  in  connection  with  it,  so  that  I  cannot  give  a 
definite  answer  to  the  question. 

Q.  Do  you  know  of  any  better  arrangemnet  for  regulat¬ 
ing  the  closing  of  puppet-valves  than  the  one  described  in 
Sickels’  patent  % 

A.  In  my  private  opinion,  I  think  there  is  a  better  ;  it  is 
better  to  close  them  with  positive  motion. 

Q.  When  you  testified  that  Sickels’  mechanism  could  be 
set  to  cut  off  steam  at  nearly  any  portion  of  the  entire 
stroke,  and  the  defendants’  only  within  range  of  the  half¬ 
stroke,  did  you  mean  to  testify  that,  for  that  reason,  they 
were  entirely  of  a  different  combination,  for  the  purpose  of 
tripping  the  valves  ? 

A.  Not  entirely  different,  but  there  is  a  substantial  dif¬ 
ference  between  them  nevertheless;  there  is  a  similaritv 

■1  *' 

between  them  to  a  certain  extent  ;  the  one  embraces  pro¬ 
perties  beyond  the  other,  which  I  consider  substantial. 

Q.  I  should  like  to  have  something  more  definite  than 
that.  Will  it  constitute  a  different  combination,  or  sub¬ 
stantially  the  same  combination  ? 

A.  It  would  be  different,  because  there  is  more  of  one 
than  the  other. 
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526  Q.  Suppose  you  close  up  the  open  space  between  the 
two  wedges  in  Sickels’  adjustable  piece,  so  that  it  cannot  be 
reversed  and  act  upon  the  wedges :  can  it  then  cut  off  be¬ 
yond  half-stroke  ? 

A.  Please  repeat  that  question. 

Q.  That  open  space  between  the  two  wedges  is  what  per¬ 
mits  the  points  of  the  spring  to  pass  through,  in  rising, 
without  disengaging  the  valve,  so  that  when  that  is  reversed 
the  trip  will  take  place  in  descending  ISTow,  sir,  I  want  to 

527  know  whether,  by  closing  up  the  whole  of  the  space  between 
those  inclined  planes,  so  that  the  adjustable  piece  cannot  be 
reversed,  the  result  will  be  that  the  engine  will  only  cut 
off  within  the  range  of  the  half-stroke.  Can  it  then  cut  off 
beyond  half-stroke  ? 

A.  hfo;  but  on  the  other  hand,  if  it  were  set  at  the  proper 
position,  when  the  lifter  came  back  it  would  break  it ;  that 
would  be  the  result  of  it. 

Q.  Would  it  require  ingenuity,  in  cases  of  that  sort,  to 

528  prolong  these  inclined  planes,  to  prevent  such  action  ? 

A.  Kot  any  remarkable  ingenuity. 

Q.  I  suppose  you  could  do  it  without  claiming  the  right 
to  a  patent  ;  I  want  to  know  whether,  in  view  of  that 
change,  it  would  constitute  Sickels’  a  different  combination  ? 

A.  I  think  it  would  substantially  modify  it. 

Q.  Do  give  us  a  distinct  answer ;  I  do  not  want  any  spe¬ 
cial  pleading ;  I  am  examining  yon  as  an  engineer,  and  not 
as  a  lawyer.  Would  that  change  constitute  it  a  substan¬ 
tially  different  combination  ? 

529  A.  With  that  explanation,  I  think  it  would;  because  the  pro¬ 
perty  which  is  prominently  put  forth  upon  the  ]patent,  as  I 
fearn  from  the  patent  itself,  is  that  it  possesses  the  property 
of  cutting  off  beyond  half-stroke,  and  it  is  different  in  so  far 
as  it  is  deprived  of  that  property. 

Q.  In  what  part  of  the  patent  do  you  find  that  property 
named  ? 

A.  I  cannot  now  recollect  it,  but  that  is  the  idea  which, 
in  reading  the  patent,  was  conveyed  to  my  mind  ;  I  think 
I  could  find  the  language  if  I  had  the  patent. 

530  Q.  Do  you  find  it  in  that  part  of  the  patent  from  which 
you  read  yesterday,  when  you  spoke  of  the  “  immediate 
appendages”  to  the  combination  ? 

A.  If  I  understand  the  question,  no. 

Mr.  Keller. — (Reading  from  the  patent.) — But  were  the 

sliding  piece  I,  with  wedges  or  inclined  planes,  reversed, 
“  the  spring  would  then  not  be  opened  by  the  ascent,  but 

would  be  opened  by  the  descent  of  the  stem.” 

A.  That  is  part  of  it ;  the  first  allusion  to  it  is  this : — 
(reading  from  the  specification) — By  means  of  the  appa- 
“  ratus  which  I  have  devised,  the  spring  F  may  be  opened, 
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‘‘  and  the  stem  B,  with  its  valves,  may  be  tripped  at  any  531 
“  time  dm’ing  the  ascent  or  descent  of  the  lifter,  and  the 
‘‘  steam  may  consequently  be  cut  otf  at  any  part  of  the 
“  stroke  of  the  piston.” 

Q.  ISTow,  sir,  is  that  idea  there,  or  that  arrangement  for 
cutting  off  steam  beyond  half-stroke,  something  besides  the 
combination  which  enables  it  to  cut  off*  at  any  range  within 
the  half-stroke  ? 

A.  Xo  ;  I  do  not  think  it  is ;  I  think  it  is  a  property  of 
the  combination  which  permits  it  to  perform  both  offices.  532 

Q.  I  want  to  know  whether  that  is  necessary  to  the 
working  of  the  engine  for  cutting  off'  within  half  stroke ;  or 
whether  it  is  something  which  enables  it  to  cut  off'  bevond 
the  half  stroke,  and  an  addition  to  the  property  which  per¬ 
mits  it  to  cut  off  within  half  stroke  ? 

A.  I  do  not  consider  it  a  mere  addition,  but  an  inherent 
property  in  that  combination  itself,  in  the  elements  em¬ 
ployed  to  make  up  the  combination. 

Q.  So,  it*  yon  used  an  engine  simply  for  cutting  off'  within 
half  stroke  yon  would  not  infringe  Sickels’  patent.  Is  that 
yom*  nndei’standing  ?  533 

A.  Iso. 

Q.  What  do  yon  mean  then  ? 

The  Court. — I  understand  the  witness  to  say  that  the 
plaintiff's’  engine  can  cut  off  at  half  stroke,  or  at  any  inter¬ 
mediate  point  less  or  more  than  half  stroke  ? 

The  Witness. — Yes. 


Mr.  Keller. — But  I  want  to  know,  whether  using  that 
apparatus,  so  that  it  will  only  cut  off*  dining  the  half  stroke, 
would  constitute  it  a  different  combination  ? 

A.  My  answer  is,  that,  if  so  modified,  it  is  deprived  of 
that  property  of  cutting  off'  beyond  half  sti’oke ;  it  is  a  sub¬ 
stantial  modification  in  view  of  the  whole  invention,  as  set 
forth  in  the  patent,  as  I  understand  it. 

The  CcniH. — Yom*  idea  is  that  this  patent  of  Sickels  in- 
tiinsically  requires  that  the  engine  should  have  the  function 
of  cutting  off'  beyond  half  stroke  ? 

A.  Yes. 


Mr.  Keller. — And,  deprived  of  that,  its  substantial  iden¬ 
tity  is  destroyed? 

A.  It  is  not  entirely  a  diff'erent  thing,  but  you  have  de¬ 
prived  it  of  a  part  of  the  invention. 

The  Court. — I  understand  fi’om  the  witness  now,  that  al¬ 
though  Sickels’  engine  may  perform  the  fmictions  of  cut  off' 
above  and  below  half  stroke,  yet  if  that  power  be  removed, 
and  it  is  limited  to  cut  off'  within  half  stroke,  there  would 
be  then  a  substantial  diff'erence. 


110 


538 


539 


540 


A 

k 


Mr.  Keller. — ^Tliat  is  wliat  I  understand  him  to  say. 

Q.  Now,  sir,  do  you  find  the  reversing  property  of  that 
adjustable  stop  I  enumerated,  among  the  elements  of  the 
combination  in  the  specification  of  claim  ? 

A.  Not  in  those  terms  ;  it  is  a  stop  I.” 

Q.  Do  you  find  any  allusion  in  the  claim  to  that  pro¬ 
perty  of  reversing  the  adjustable  piece  ? 

A.  Neither  to  that  nor  to  any  other  property,  but  simply 
an  enumeration  of  the  parts  to  co-operate. 

Q.  In  enumerating  the  members  of  Sickels’  combination 
for  tripping  or  disengaging  the  valve,  you  name  the  fiex- 
ible  or  spring  latches,  capable  of  passing  between  the 
wedges,  when  the  adjustable  sliding-piece  is  reversed ;  is 
that  double  fiexibility  an  essential  element  of  Sickels’  com¬ 
bination  ? 

A.  Not  an  element,  but  it  is  a  property  in  one  of  the  ele¬ 
ments,  which  is  essential  to  perform  the  functions  described. 

Q.  Would  the  substitution  of  a  spring  or  weighted  lever, 
having  a  spring  action  only  in  one  direction,  destroy  the 
substantial  identity  of  that  combination  ? 

A.  I  do  not  understand  the  question. 

(^.  It  seems  to  be  my  misfortune  not  to  be  able  to  make 
myself  understood  by  you.  I  will  put  the  question  again. 
Would  the  substitution  of  a  spring  or  weighted  lever  for 
the  double  spring  catches  described  in  the  patent,  destroy 
the  substantial  identity  of  the  combination  described  in  the 
'  patent  ? 

A.  I  cannot  answer  that  question;  the  description  does 
not  convey  any  specific  mechanical  structure  to  my  mind, 
that  I  should  be  able  to  judge  of  it. 

Q.  Does  it  not  convey  that  structure,  (pointing  to  the 
black  model  of  Sickels’  apparatus)  to  your  mind  ? 

A.  It  does  not ;  the  patent  describes  that  structure ;  I 
have  not  got  your  idea. 

Q.  The  question  is  this :  Would  the  substitution  of  a 
spring  lever  or  weighted  lever,  for  the  double  spring 
catches  in  this  model,  destroy  the  substantial  identity  of 
the  combination  described  in  the  patent  ? 

A.  I  think  it  would  modify  it  substantially,  but  not  des¬ 
troy  it ;  in  the  remaining  parts  there  would  be  a  similarity 
of  action,  but  the  difi‘erence  I  consider  to  be  substantial. 

Q.  The  difference  is  substantial  % 

A.  I  think  so. 

Q.  Would  it  destroy  the  substantial  identity  of  the  com¬ 
bination  % 

A.  As  an  identity,  yes. 

Q.  If  I  understood  your  last  answer,  the  arrangement 
represented  in  this  large  machine  (from  the  De  Laine  mill) 
would  not  be  substantially  the  same  combination  as  you 
find  in  Sickels’  patent  ? 
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'A.  I  think  not.  541 

Q.  Now,  sir,  in  Sickels’  combination,  are  the  wedges  or 
inclined  planes  upon  the  adjustable  slide  indispensable  to 
the  substantial  identity  of  his  combination? 

A.  I  think  so,  in  connection  with  the  other  elements. 
"VYithont  them,  the  other  parts  would  be  inoperative. 

Q.  Now,  sir,  if,  instead  of  the  wedges  on  the  adjustable 
piece  and  the  spring,  you  should  substitute  a  latch  operated 
by  anything  other  than  an  inclined  plane,  but  performing 
the  same  functions — that  of  latching  and  unlatching  the 
valve-stem — would  that  constitute  it  an  entirelv  different  542 
combination  ? 

A.  I  cannot  answer  vou  without  seeing  it. 

t/  O 

Q.  Cannot  you  imagine  such  a  thing.  Here  (handing 
witness  a  skeleton  model)  is  a  model,  which  does  not  work 
very  well.  Suppose  this  rod  here  to  represent  the  valve- 
stem,  and  this  23iece  here  to  represent  the  lifter,  and  that 
the  lifter  rod.  Now,  sir,  there  is  a  lever-catch  turning  on 
that  fulcrum  pin  on  the  end  of  the  lifter,  and  having  a 
weight  on  the  end,  as  a  substitute  for  a  spring,  and  this 
latch  taking  into  a  notch  in  the  vah^e-stem,  and  having  an  543 
arm  at  the  side,  striking  ujjon  the  adjustable  stop  attached 
to  a  standard  ;  so  that,  when  the  lifter  descends,  the  catch, 
by  the  preponderance  of  this  weight,  falls  into  a  notch  in 
the  valve-stem,  and,  on  the  rising  of  the  lifter,  the  lever  end 
of  this  catch  is  brought  into  contact  with  a  stop,  liberates 
the  valve-stem,  and  permits  it  to  descend,  while  the  lifter 
comes  down  and  reengages  again.  I  want  to  know  whether 
the  substitution  of  that  lever  catch,  acting  against  the 
adjustable  stop,  instead  of  the  adjustable  piece  with  its 
wedges  and  the  spring  catches,  would  constitute  a  substan¬ 
tial  difference  ?  544 

A.  I  think  it  would,  for  the  purposes  of  detaching. 

Q.  Would  it  detach  the  parts  as  well? 

A.  As  well  as  what  ? 

Q.  As  well  as  the  spring  catches  described  in  the 
patent  ? 

A.  It  would,  in  the  ascending  movement,  perhaps  fully 
as  well,  but,  in  the  descending  movement  it  would  not  do 
it  at  all. 

Q.  It  would  not  cut  off  beyond  half  stroke? 

A.  Yes.  545 

Q.  Within  the  half  stroke,  however,  this  arrangement 
would  be  just  as  adjustable  as  Sickels’,  would  it  not  ? 

A.  Y  es,  as  far  as  I  can  see,  supposing  the  stop  was  made 
to  be  adjusted  up  and  down,  and  placed  in  the  position 
required. 

Q.  In  testifying  as  to  Sickels’  combination,  you  enume¬ 
rated  as  the  ‘‘  immediate  appendages”  the  standard  and  the 
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546  securing  screw  for  the  adjustable  piece.  Do  you  consider 
these  essential  to  the  substantial  iJentity  of  the  combi¬ 
nation  described  in  the  patent? 

A.  I  consider  that  something  must  be  there  in  substance, 
in  order  to  enable  it  to  operate,  and  for  that  reason  is  indis¬ 
pensable. 

Q.  Now,  sir,  would  not  a  substitution  of  any  other  device 
in  mechanics  that  would  hold  that  adjustable  piece  in  its 
proper  position  when  set,  be  an  equivalent  for  the  standard 
and  the  set  screw  ? 

A.  I  think  it  would. 

547  Q.  In  enumerating  the  essential  elements  of  Sickels’ 
combination  in  reference  to  the  tripping  apparatus,  did  you 
take  into  consideration  the  concluding  words  of  that 
part  of  the  specification,  which  are :  substantially  in  the 
manner  set  forth.” 

A.  Yes,  sir. 

Q.  Now,  sir,  does  that  language,  addressed  to  you  as  a 
mechanician,  give  you  any  latitude  for  substituting,  in  the 
combination  described,  known  mechanical  equivalents? 
Looking  at  that  language,  the  concluding  sentence — “  sub¬ 
stantially  in  the  manner  set  forth — ’’addressed  to  you  as  a 

548  mechanician,  do  you  consider  it  as  including,  for  the  mem¬ 
bers  of  the  combination  specified,  known  mechanical  equi¬ 
valents  ? 

A.  Certainly,  if  they  were  equivalents;  but  it  is  ex¬ 
tremely  difficult  to  have  equivalents  in  a  simple  combina- 
\  tion. 

Q.  Now,  is  not  this  weighted  latch  an  equivalent  for  a 
spring  latch  ? 

A.  No,  it  is  not  an  equivalent. 

549  Q.  It  is  not  ? 

A.  No. 

Q.  Why  not  ? 

A.  Because  it  has  not  the  property  which  the  spring 
latch  has,  to  enable  it  to  cut  off  beyond  half-stroke. 

Q.  I  limit  it  to  half-stroke,  now. 

A.  That  does  not  alter  its  properties,  in  my  mind. 

Q.  For  the  purposes  of  this  investigation,  we  will  set  aside 
the  cut  off  beyond  half-stroke,  and  limit  it  to  cutting  off 

550  within  half-stroke  ;  Corliss’  only  cuts  off  within  half-stroke, 
does  it  ? 

A.  Not  beyond  that. 

Q.  Would  the  substitution  of  a  weighted  lever  for  that 
spring  lever,  constitute  that  apparatus  a  substantially  differ¬ 
ent  combination  ? 

A.  I  think  it  would,  in  view  of  its  being  a  simple  me¬ 
chanical  operation ;  I  think  it  would  be  substantially ;  it 
would  be  a  near  approximation  to  it. 
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Q.  Is  not  that  a  combination  of  a  spring  latcli  with  some 
other  combinations,  constituting  a  machine  ? 

A.  'Not  in  the  way  yon  state  ;  it  is  a  comhination  of 
which  a  spring  latch  is  part. 

Q.  Does  it  not  perform,  in  its  combination  Avith  a  lifter 
and  the  stem  of  the  valve — does  not  this  lever  and  latch 
perform  all  the  functions  performed  by  tliat  spring-lever  in 
that  one  ? 

A.  So  far  as  regards  the  engine,  yes. 

Q.  So  far  as  regards  the  combination  of  the  lifter  with 
the  valve-stem,  does  it  not  perform  every  office  that  is  per¬ 
formed  by  the  spring-leA^er  ? 

A.  Yes,  it  detaches. 

Q.  Do  yon  not  knoAv  that  when  that  combination  is  pre¬ 
sented  to  yon  there,  A\dth  a  spring-lever,  tliat  yon  can  snbsti- 
tnte  a  weighted  lever  latch  for  that  spring-iever,  without 
the  exercise  of  invention  ? 

A.  I  do  not  know  that. 

Q.  Would 'it  require  the  exercise  of  iiiA^ention  to  do  that  i' 

A.  It  would,  provided  it  Avas  the  lirst  lever  iatcli  eA^er 
made  ;  it  may  be  well-knoAvn. 

Q.  Do  yon  not  know  that  a  Aveiglited  lever  latch  is  a 
well-known  device  for  engaging  and  disengaging  i 

A.  Yes  ;  and  for  that  reason  it  Avonld  not  require  inven¬ 
tion,  for  it  Avonld  be  presumed  to  be  known  by  every  ujan 
in  the  trade. 


Q.  Assuming  that  a  party  Avas  the  first  inventor  of  a 
lifter,  combined  Avith  the  stem  of  the  Anlve  liy  means  of  a 
latch,  and  that  in  his  patent  he  described  a  spring  latcli, 
operated  by  Avedges,  AAmuld  the  substitution  of  a  Aveiglited 
lever  latch  be  a  substantially  different  combination  ( 

A.  ]^o  ;  because  the  combination  claimed - 

Q.  I  am  not  asking  you  as  to  the  claim,  but  as  to  the 
operation  ;  I  am  not  addressing  you  as  a  laAvyer.  but  as  an 
engineer. 

A.  I  understand  it  to  be  this  :  that  the  claim  Avhi(*h  is 
supposed  would  be  for  a  combination  of  the  And A^e-stern  with 
the  lifter,  so  as  to  be  detached  ;  in  that  case  both  mecl  ani- 
cal  parts  perform  that  office,  and,  therefore,  in  tliat  vie^\■  are 
equivalent. 

Q.  INow,  sir,  in  Sickels’  patent,  so  far  as  i-egards  cutting 
off  Avithin  half-stroke,  dovou  find  auA"  other  combination,  in 
the  mechanical  description  of  it,  than  the  combination  of  a 
lifter  with  a  valve-stem,  by  means  of  a  catch,  to  alternately 
connect  and  disconnect  the  valve-stem  from  the  lifter  ? 

A.  I  find  that  that  is  the  result ;  and  I  find  certain  com¬ 
binations  of  mechanism  described  for  the  purpose  of  pro¬ 
ducing  that  result ;  that  is  my  understanding  of  it. 

Q.  Taking  Sickels’  description  of  a  mechanical  combina- 
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tion,  irrespective  of  the  claim — (I  am  aware  that  you  liave 
put  a  coTistruction  upon  this  claim,  lieretofore,  and  I  want 
to  avoid  that ;  I  am  addressing  you  as  an  expert  and  not  as 
a  lawyer) — taking  the  mechanical  combination  described  in 
the  patent,  or  represented  in  that  model,  (of  Sickels’  appa¬ 
ratus,)  wliicli  needs  no  legal  construction,  do  you  find  there 
any  more  tlian  a  combination  of  a  lifter  with  a  valve-stem, 
hy  means  of  a  catch  which  can  alternately  take  hold  of 
and  liberate  the  valve-stem? 

A.  I  do  find  such  combination. 

Q.  Taking  that  as  a  mechanical  combination  presented 
to  your  mind  for  the  first  time,  I  want  to  know  whether  the 
substitution  of  a  lever  catch  would  constitute  this  an  en¬ 
tirely  different  combination  ? 

A.  Not  entirely. 

Q.  Would  its  substantial  identity  be  destroyed? 

A.  I  think  it  would,  as  a  special  combination  for  pro¬ 
ducing  a  common  result — common  to  both  of  them. 

Q.  What  difference  would  there  be  in  it  ? 

A.  Difference  in  the  mechanical  elements  employed  to 
effect  that  purpose. 

Q.  Would  it  require  the  exercise  of  invention  to  substi¬ 
tute  the  one  for  the  other  ?  ^ 

A.  Not  if  they  were  both  well-known. 

Q.  Have  you  not  already  said  that  the  spring  latch  was 
well-known  ? 

A.  It  was  well-known,  whether  I  said  so  or  not. 

Q.  Assuming  that  it  was  not  well-known  before,  and  that 
you,  for  the  first  time,  contrived  this  weighted  lever  catch, 
and  that  you  substituted  that  for  the  spring  catch  in  this 
mechanical  combination  of  the  lifter  with  the  valve-stem, 
would  you,  by  the  contrivance  of  this  weighted  lever 
catch,  destroy  the  substantial  identity  of  the  combination 
found  in  the  model  of  Sickels’  ? 

A.  I  think  you  would,  as  a  mechanical  combination. 

Q.  Then,  sir,  the  first  time  that  a  rotating  or  slide-valve 
wa^  substituted  ibr  a  puppet-valve,  in  the  steam-engine, 
that  destroyed  the  substantial  identity  of  the  combination  of 
the  steam  engine  ? 

A.  No. 

Q.  Why  not? 

A.  Because  the  substantial  combination  which  makes  up 
the  machine  called  the  steam-engine,  embraces  a  great 
many  other  parts  besides  that  one. 

Q.  Does  the  valve  in  the  steam-engine  have  exactly  as 
important  a  relation  to  the  piston  and  cylinder,  as  this  catch 
to  the  connection  between  the  valve-stem  and  the  lifter?  Is 
it  not  a  mechanism  for  engaging  and  disengaging  ? 

A.  Yes. 
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Q.  Is  not  the  steam-engine  made  up  of  mechanical  de¬ 
vices,  combined  together  ? 

A.  It  is. 

Q.  Where,  then,  do  you  draw  the  distinction  between 
the  one  and  the  other  ? 

A.  The  distinction  is  this  :  that  a  steam-engine  is  a  com¬ 
bination  of  combinations,  each  simple  combination  being 
devoted  to  perform  some  simple  functions.  These  func¬ 
tions  again  combine  to  perform  some  higher  functions,  and 
tliose  functions  again  combine  to  form  an  engine.  When 
we  are  dealing  with  a  simple  elementary  combination,  it 
stands  in  a  difierent  relation  to  the  engine  from  what  it  does 
in  taking  the  highest  combination  which  gives  the  machine 
its  general  character. 

Q.  Where  do  vou  draw  the  line  where  the  substitution 
of  an  equivalent  destroys  the  identity  of  a  combination,  and 
where  it  still  maintains  that  identitv  ? 

t/ 

A.  I  have  not  so  stated. 

Q.  Have  you  not  stated,  that,  in  a  steam-engine,  the  sub¬ 
stitution  of  a  different  kind  of  valve  would  maintain  the 
same  combination  ? 

A.  As  an  engine,  yes. 

Q.  Have  you  not  stated  that,  in  this  (skeleton  niodc-l';  : 
substitution  of  a  weighted  latch  for  a  spring  latch  would 
destroy  the  combination  ? 

A.  As  a  simple  combination,  the  element  for  performing 
a  simple  function.  Tliat  simple  function  can  only  be  used 
to  j)erform  some  higher  ^^urpose  in  the  machine,  and  those 
functions  combined  with  some  higher  functions  again,  con¬ 
stitute  a  steam-engine.  This  combination  which  we  are 
considering  (referring  to  the  black  model  of  the  plaintiffs’ 
apparatus)  consists  of  the  valve-stem,  the  spring  on  the  lifter 
and  the  adjustable  sliding-piece.  Each  of  these  elements 
are  simple  pieces  of  matter,  and  can  have  no  mechanical 
functions  whatever.  They  all  together  perform  the  function 
of  detaching.  That  function  of  detaching  in  connection 
with  the  valve-stem,  we  will  suppose  performs  the  function 
of  admitting  the  steam ;  and  these  several  mechanical  func¬ 
tions  combined  again  form  the  steam-engine.  In  consider¬ 
ing  the  subject  mechanically,  we  have  to  keep  these  dis¬ 
tinctions  in  mind,  in  order  to  have  a  clear  idea  of  each  of 
them. 

Q.  I  understood  you  to  testify,  that  the  combination 
found  in  the  defendants’  mechanism,  for  tripping  the  valve, 
is  entirely  different  from  that  found  in  Sickels’  patent  ? 

A.  In  what  machine  ? 

Q.  In  the  defendants’. 

A.  I  so  consider  it. 


'"56^  Q.  And  that  it  has  not  one  of  the  elements  of  Sickels’ 
combination  ? 

A.  I  think  so. 

Q.  Do  yon  not  hnd  steam- valves  in  it  ? 

A.  Yes. 

Q.  Are  not  all  steam-valves  equivalents  for  each  other  in 
the  steam-engine  ? 

A.  I  cannot  tell,  unless  I  know  how  they  are  used. 

Q.  AVell,  sir,  are  not  rotating  valves  equivalents  for  pup¬ 
pet-valves  ? 

A.  As  regards  the  combination  which  makes  the  steam- 

567  engine,  they  are,  if  used  for  the  purpose  of  working  the 
steam-enmne. 

O 

Q.  That  is  v/hat  they  are  used  for  in  the  steam-engine  ? 

A.  Sometimes,  and  sometimes  for  other  purposes. 

Q.  Is  not  a  valve-stem  the  instrument  which  is  con¬ 
nected  with  the  valve  inside  of  the  valve-chest,  and  wAich 
passes  through  a  stuffing-box,  and  extends  out  of  the  valve- 
chest,  to  form  a  connection  with  the  mechanism  which  is  to 
operate  tlie  valve  ? 

A.  It  is,  where  a  stem  is  used. 

568  Q.  Can  a  valve  within  a  steam-chest  be  operated  without 
tbrmiim  a  connection  with  the  outside  of  tlie  chest  ? 

A.  It  cannot,  practically. 

Q.  Now,  then,  is  not  the  term  ‘•‘stem”  applied  to  that 
]hece  of  mechanism — that  part  which  forms  the  connection 
between  the  valve  inside  of  the  valve-chest  and  the  mechan¬ 
ism  outside  ? 

A.  It  is,  if  it  is  a  stem.  If  it  is  something  else  which 
transmits  the  motion  within  the  steam-chest,  it  is  something 
else.  A  stem,  mechanically,  is  drawn  iiTthe  direction  of  its 

569  own  length. 

Q.  Is  that  }miir  delinition  ? 

A.  As  far  as  I  knovr,  that  is  the  general  term  applied  to 
it.  In  a  few  instances,  the  word  stem  has  been  applied  to 
a  rotating  spindle,  as  it  is  called. 

Q.  You  stated  yesterday,  that  the  valve-stem,  in  Sickels’ 
arrangement,  passes  through  a  stuffing-box  ? 

A.  It  does. 

Q.  A^id  what  1  call  the  stem,  but  you  call  the  rocking- 

570  shaft,  in  defendants’  model — I  want  to  know  whether  that 
does  not  also  pass  through  a  stuffing-box  ? 

A.  It  does. 

Q.  Now,  sir,  is  it  not  by  means  of  this  rod,  which  you 
call  a  rocker,  and  which  I  call  a  stem,  that  the  connection 
is  formed  between  the  valve  inside  of  the  chest  and  the 
mechanism  outside  ? 

A.  It  is. 

Q.  And  is  it  not  so  in  all  forms  of  valves? 
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A.  It  is,  so  far  as  I  know ;  that  is,  all  forms  of  valves  571 
which  are  operated  from  the  outside. 

Q.  JSTow,  sir,  in  this  throttle-valve,  is  not  this  the  stem  of 
the  valve  (pointing  to  a  model)  ? 

A.  It  is  properly  the  spindle.  Some  people  call  it  a  stem ; 
but  the  proper  technical  term  is  “  spindle.” 

Q.  It  is  the  instrument  which  forms  the  connection  be¬ 
tween  the  valve  inside  and  the  mechanism  outside  ? 

A.  Yes. 

Q.  And  in  every  case  of  the  valve,  no  matter  what  form  572 
th©  valve  may  have,  is  it  not  necessary  that  there  should  be 
a  valve-stem,  or  some  other  rod,  by  whatever  name  you 
choose  to  call  it,  passing  out  from  the  valve  to  the  mechan¬ 
ism  outside? 

A.  Yes,  if  it  is  to  be  operated  outside  ? 

Q.  Do  you  know  of  any  instance  where  it  is  to  be  ope¬ 
rated  inside  ? 

A.  Certainly,  there  are  a  variety  of  valves  which  are 
operated  without  any  action  from  the  outside. 

Q.  I  mean  steam-valves  ?  573 

A.  Yes. 

Q.  jSTow,  sir,  in  the  defendants’  arrangement  is  there  not 
an  arm  attached  to  what  you  call  the  shaft  of  the  valve,  by 
which  the  valve  is  moved  to  open  the  steam-port  to  admit 
steam  ? 

A.  There  is. 

Q.  Is  not  that  arm  connected  with  a  rod  receiving  mo¬ 
tion  ultimately  from  the  eccentric  ? 

A.  It  is. 

Q.  Is  not  that  rod  alternately  connected  with  the  arm,  574 
to  move  the  valve,  to  open  the  port  for  the  admission  of 
steam,  and  alternately  disconnected  from  it,  that  the  valve 
may  be  moved  independently  and  more  rapidly  in  the  op¬ 
posite  direction,  to  close  the  port  and  cut  off  steam,  whilst 
the  rod  continues  its  motion,  and  coines  back  again  to  be 
reconnected  to  repeat  the  operation  ? 

A.  I  believe,  yes,  if  I  remember  the  question,  for  it  is 
pretty  long. 

Q.  It  is  long,  but  my  object  is  to  get  the  evidence  in  575 
such  a  shape  that  it  can,  when  on  paper,  be  read  and  un¬ 
derstood.  (Question  repeated.) 

A.  Yes.  The  only  thing  I  have  to  modify  is,  that  the 
motion  with  which  the  valve  gets  back  has  nothing  to  do 
with  the  rod  ;  it  comes  back  by  a  se])arate  agency,  which 
may  be  more  or  less  rapid — generally  more. 

Q.  Do  you  mean  to  qualify  your  answer  to  that  question  ? 

I  want  you  to  say  whether  the  conditions  of  my  question 
are  to  be  found  in  the  defendants’  engine  or  not  ? 

A.  It  is,  with  my  exception.  Tlie  question  implies  that 
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the  movement  hack  of  the  valve  is  immediately  connected 
with  the  opening  movement  of  it  by  the  rod. 

Q.  Not  at  all? 

A.  I  so  understood  it. 

Q.  It  has  no  condition  at  all.  (Question  repeated.) 

A.  It  is  so.  The  only  explanation  is,  as  I  said,  that 
whether  it  moves  more  rapidly  or  not,  the  rod  has  nothing 
to  do  with  it. 

Q.  I  am  speaking  about  the  fact.  Is  it  not  so  in  fact  ? 

A.  Generally,  I  believe  it  is. 

Q.  Is  it  not  so  always  in  fact,  when  that  mechanism  is 
in  operation  ? 

A.  Not  always. 

Q.  In  what  condition  does  it  appear  that  it  is  not  so  ? 

A.  When  the  weight  is  so  regulated  as  not  to  fall  rapidly, 
by  shutting  up  the  screw. 

Q.  When  the  engine  is  at  work,  performing  its  business, 
is  there  any  instance  in  which  the  valve  does  not  close 
faster  than  the  rod  returns  to  its  position  ? 

A.  I  never  took  special  pains  to  ascertain  that,  but  I 
think  that  in  the  dash-pot  of  one  of  Youngs  &  Cutter’s  en¬ 
gines  it  did  not  close  so  rapidly  as  to  hook  it  ? 

Q.  Would  it  cut  off  steam? 

A.  Yes,  because  it  opened  rapidly  and  closed  rapidly. 

Q.  Do  you  not  disconnect  that  arm  from  that  rod  while 
the  engine  is  cutting  off  ? 

A.  No,  sir. 

Q.  Then,  sir,  if  the  valve  does  not  close  faster  than  the 
return  motion  of  this  rod,  will  it  cut  off  steam  ? 

A.  Yes. 

Q.  Will  you  explain  how  ? 

A.  Because  it  is  detached  while  the  rod  is  still  going 
that  way,  and  it  is  closing  at  the  same  time  that  the  rod  is 
moving  in  the  opposite  direction. 

Q.  If  the  valve  be  drawn  back  again  by  the  rod,  and 
never  disconnected,  but  comes  back  with  the  motion  of  the 
rod,  and  the  engine  does  not  cut  off,  but  works  at  full  stroke, 
tell  me  how  it  can  cut  off  if  the  valve  returns  slower  than 
the  rod  which  moves  it  ? 

A.  For  the  simple  reason  that  it  is  closing  while  the  rod 
is  going  in  a  direction  which  would  open  it — it  has  less  dis¬ 
tance  to  move. 

Q.  My  question  was,  whether  the  rod  was  not  disconnect¬ 
ed  from  the  arm  of  the  valve-shaft,  so  as  to  permit  the  valve 
to  be  moved  in  the  opposite  direction,  to  close  its  port,  while 
the  rod  continues  to  make  its  motion  and  return  again  to 
re-take  hold  of  the  arm? 

A.  It  does  so. 
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Q.  When  that  valve  is  liberated  from  that  rod,  do  you 
know  of  any  instance,  when  the  engine  was  working  and 
cutting  off  steam,  in  which  the  valve  did  not  close  its  port 
before  the  rod  returned  to  its  original  position  to  re-take 
hold  of  the  arm  ? 

A.  ISTo,  sir,  I  never  knew  of  any  such  instance.  It  could 
not  do  it,  because  the  time  the  rod  returns  to  take  hold  of 
the  rocker  arm,  is  nearly  at  the  termination  of  the  stroke. 
It  must  detach  in  order  to  cut  off*. 

Q.  Does  not  precisely  that  operation  take  place  in  Sickels’ 
arrangement  ? 

A.  It  does.  That  is,  it  must  detach,  in  order  to  cut  off*. 

Q.  Is  there  not  a  rod  which  is  moved  by  the  mechanism 
of  the  engine  from  the  eccentric  ultimately,  which  is  alter¬ 
nately  connected  with  the  valve-stem,  for  the  purpose  of 
opening  the  valve,  and  which  is  alternately  disconnected 
from  the  valve-stem,  that  the  valve  may  close  its  port — 
move  in  the  opposite  direction  and  close  its  port — while  the 
rod  continues  to  perform  its  motion  and  come  back  to  re¬ 
take  hold  of  the  valve-stem  ? 

A.  If  I  understand  the  question,  there  is. 

Q.  Is  not  this  connection  and  disconnection  of  the  parts 
produced  by  means  of  a  catch  or  latch,  forced  into  place  by 
a  spring  ? 

Mt.  ISlatcJiford. — Which  machine  are  you  talking  of  ? 

Mr.  Keller. — I  mean  in  both. 

A.  In  general  terms,  yes. 

Q.  In  specific  terms,  how  then  ? 

A.  They  both  may  come  under  the  denomination  of  a 
latch — both  the  mechanisms  employed. 

Q.  And  is  not  this  connection  broken  at  the  required 
time,  by  bringing  the  catch  or  latch  out  of  its  connection 
in  which  it  is  held  by  the  spring  ? 

A.  Yes. 


Q.  Is  the  spring  a  material  part  of  this  combination  ? 

A.  Of  which  combination  ? 

Q.  The  combination  which  I  have  named  here  in  both 
these  engines,  for  the  purpose  of  holding  this  latch  in  place, 
that  it  may  be  disconnected  ? 

A.  I  am  not  aware  that  any  combinations  have  been 
mentioned. 

Q.  Can  the  lifter-rod  perform  all  these  operations  upon 
the  valve-stem,  alternately  catch  it,  be  connected  with  it, 
and  alternately  liberated  from  it,  without  mechanical  com¬ 
bination  ? 

A.  It  cannot. 

Q.  And  you  have  stated  that  a  spring  is  used  to  keep  the 
catch  in  connection  in  both  machines  ? 

A.  Yes. 
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Q.  Is  the  use  of  that  spring  a  material  part  of  the  combi" 
nation,  either  in  the  plaintiifs’  or  in  the  defendants’  arrange¬ 
ments  ? 

A.  It  is,  as  I  nnderstand  it. 

Q.  I^ow,  sir,  suppose  that  were  turned  upside  down, 
(laying  Corliss’  model  on  its  side,)  suppose  that  arrange¬ 
ment  be  inverted,  so  that  this  connecting  rod  would  hook 
on  to  the  arm  in  that  way,  would  it  need  a  spring  then  to 
make  it  engage  ? 

A.  I  should  think  not. 

Q.  Would  substituting  the  weight  in  that  position  to  form 
the  engagement  and  permit  the  disengagement,  destroy  the 
substantial  identity  of  the  arrangement  in  the  defendants’ 
engine  ? 

A.  I  think  it  would  modify  it  to  that  extent. 

Q.  Will  it  oj)erate  precisely  in  the  samaway  as  having  a 
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springs 

A.  ISTot  ])recisely  in  the  same  way. 

Q.  What  difference  would  there  be  ? 

A.  It  would  derive  its  power  from  gravity  instead  of  a 
spring. 

Q.  Would  it  not  perform  all  the  functions  of  engaging 
and  disengaging  as  well  ? 

A.  It  would  perform  them,  but  I  do  not  know-  if  as  well 
or  not. 

Q.  Have  you  any  doubt  about  it  ?  ' 

A.  I  think  it  would  do  it  as  well. 

1 

Q.  Do  you  think  that  the  spring  is  a  material  part  of  the 
combination  ? 

A.  Hot  in  that  case.  It  is  not  there.  The  conditions 
are  changed. 

Q.  If  I  change  Mr.  Sickels’  so  as  to  make  it  catch  or  latch 
by  means  of  gravity  instead  of  a  spring,  does  it  then  change 
its  substantial  identity  as  a  combination  ? 

A.  I  think  it  would.  I  cannot  tell  until  you  show  me 
some  specific  mechanism. 

Q.  Have  I  not  shown  you  one  ? 

A.  I  think  that  was  substantially  different. 

Q.  Is  it  not  because  it  happens,  to  be  the  plaintiffs’  instead 
590  of  the  defendants’  ? 

A.  I  do  not  know  that  that  has  anything  to  do  with  the 
subject. 

Q.  In  one  case,  the  substitution  of  the  gravity  for  a  spring 
would  not  change  the  substantial  identity  of  the  combina¬ 
tion,  but  in  the  other  it  would  % 

A.  I  did  not  say  “  change.”  I  said  it  would  “  modify” 
it,  if  I  am  not  mistaken. 

Q.  If  a  weight  or  other  body  is  to  be  lifted  or  moved,  as 
a  question  of  mechanics,  can  it  not  be  moved  as  readily  by 
means  of  a  lever,  as  by  means  of  a  wedge  ? 
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A.  I  presume  it  can,  as  a  general  proposition  ?  591 

Q.  I^ow,  as  a  general  pro]30sition  in  mechanics,  when-  1 
ever  an  instrument  is  used,  in  a  given  mechanical  combina-  ' 
tion,  to  lift  a  body  or  move  a  body  from  one  place  to 
another,  is  it  not  well  known,  and  is  it  not  a  matter  of  instruc¬ 
tion  to  young  mechanics,  that  that  can  be  done  either  with 
a  lever  or  with  a  wedge  ? 

A.  r  do  not  know  that  I  can  answer  ;  I  have  not  got  any  / 
definite  idea  from  the  question. 

Q.  If  a  weight  or  other  thing  is  to  be  lifted  or  moved  out 
of  the  way,  as  a  means  of  doing  this,  is  not  a  lever  an  equi-  592 
valent  for  a  Avedge  ? 

A.  It  is,  or  may  be,  that  is,  if  it  is  made  so — if  it  so  acts 
upon  the-Aveight  as  to  be  its  equi\^alent.  Whether  it  is 
equivalent  or  not  depends  upon  hoAv  it  is  used — ^AAdiat  func¬ 
tions  it  performs.  / 

Q.  I  am  now  speaking  of  the  fact  of  lifting  merely,  of 
lifting  a  body.  Do  you  not  knoAv,  as  a  mechanician,  that  - 
Avhen  a  body,  in  a  given  mechanical  combination,  is  to  be 
lifted  to  a  certain  extent,  that  you  can  do  that  either  by 
means  of  a  wedge  or  by  means  of  a  lever  ?  598 

A.  Certainly  it  can  be  done  by  either. 

Q.  And  that  the  extent  of  its  motion  to  AAdiich  it  lias  been 
carried,  if  it  be  done  by  a  lever,  aauII  result  in  delineating 
the  form  of  a  wedge,  which,  under  the  same  circumstances, 
Avould  liaA^e  moved  it  ? 

A.  The  positionfrom  AAdiich  it  is  moAxdto  thatto  Avhich  it 
is  moved  describes  an  angle ;  the  two  lines  Avmuld  make  a 
Avedge. 

Q.  In  other  Avords,  does  not  a  lever  action  ahvays  gener¬ 
ate  the  form  of  a  wedge?  As,  for  instance,  if  I  liaA^e  this  594 
knife  to  lift,  and  I  do  it  by  means  of  a  lever,  and  lift  it  u]> 
to  that  extent — if  I  draAv  a  vertical  line  from  the  body  Avhich 
has  been  lifted  to  its  original  position  on  the  base  line,  Avill 
not  those  two  lines,  Aidtli  the  final  position  of  the  lever, 
delineate  a  wedge  ? 

A.  Yes  ;  four  of  them. 

Q.  Which  would,  if  used  instead  of  the  lever,  have 
elevated  the  body  to  that  self  same  height  ? 

A.  Yes.  595 

Q.  Is  not  that  an  axiom  taught  in  mechanics  ? 

A.  Not  exactly,  that  I  knoAV  of. 

Q.  Is  it  not  a  rule  among  mechanicians  that  tlie  one  can 
be  used  indiscriminately  for  the  other  ?  ^  . 

A.  Not,  as  I  understand  ;  one  can  be  used  for  the  other 
in  some  cases,  but  not  in  others. 

Q.  But  where  it  can  be  used,  does  it  require  the  exercise 
of  invention  to  substitute  it  ? 
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A.  It  depends  upon  the  organization  of  the  machine,  and 
the  office  it  performs  in  it. 

Q.  W ell,  now,  sir,  in  this — if  this  catch  is  to  he  disengag- 
(h1,  and  this  rests  upon  that  as  a  fulermn,  do  yon  not  know 
as  a  mechanician,  that  without  the  exercise  of  invention 
you  can  either  disconnect  that  by  putting  a  wedge-formed 
|n*ojection  on  this,  and  moving  that  in  a  straight  line,  or  by 
.making  this  all  straight  and  elevating  that  end?’(illus- 
ti'ating. ) 

A.  You  can  do  it  by  putting  the  wedges  - - . 

Q.  I  want  a  direct  answer.  Can  you  not  do  it  in  either 
one  of  those  two  ways  ? 

A.  Y^ou  can  do  it  without  the  exercise  of  invention, 
b(‘cause  it  is  a  well-known  )node  of  using  them. 

Q.  Then  tlie  substitution  of  a  lever  as  a  means  of  nie- 
chanicalh^  diseno-ao^ino-the  catch  would  not  be  an  invention  ? 

A.  Tliat  depends  u|)on  whether  one  ]>erforms  the  office 
])ette]-  than  another.  It  cannot  be  stated  in  general  terms. 

Q.  Aow,  sir,  as  a  means  of  disengaging  that  catch,  to 
liberate  this  valve,  and  without  any  ulterior  object  but  for 
tliat  purpose  alone,  1  want  to  know  whether  the  motion  of 
that  wrist-plate,  moving  up  this  end,  will  effect  it  any  better 
than  to  move  that  in  a  straight  line,  and  have  the  wedge  in 
here  ? 

A.  1  think  it  would  be  l)ettei*  jiractically,  because  it 
does  not  need  the  wedge. 

Q.  As  a  means  of  making  simply  tliat  disconnection,  which 
is  the  cheapest — to  continue  to  move  that  in  straight  lines 
as  it  has  alwa}  s  been  done  heretofore,  or  to  take  away  the 
old  mode,  ami  to  substitute  that  plate  ? 

A.  It  would  be  difficult  to  tell.  It  would  depend  alto¬ 
gether  upon  the  structure  of  the  engine.  The  cheapest 
way  would  be  the  best  ? 

C.  Now,  taking  tlie  engine  as  it  exists,  with  this  rod 
moving  in  a  straight  line,  and  you  want  to  disconnect  it  for 
the  purjiose  of  cutting  off  steam,  instead  of  taking  in  steam 
at  full  stroke — 'to  effect  that,  would  you  not  have  to  discon¬ 
nect  this  rcul  at  a  different  part  of  the  stroke? 

A.  A^es. 

Q.  I  want  to  know  whether  it  would  not  be  easier  and 
cheaper  for  you  sinpffy  to  add  a  small  Avedge  to  the  top  of 
that  rod  to  effect  the  disconnection,  than  it  would  be  to 
throw  aAvav  the  old  valve-gear  and  substitute  this  wrist- 
]>late  ? 

.V.  If  it  required  all  that  substitution,  it  Avould  be. 

(h  Simply  as  a  means  of  forming  the  disconnection, 
would  not  the  alteration  of  putting  on  a  Avedge  here  be  just 
as  effectual  as  this  Avrist-plate  ? 

.A.  1  do  not  think  it  Avould  be  so  delicate. 
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'  Q.  Why  not  ?  601 

A.  Because  I  think  it  would  require  a  greater  longitudi¬ 
nal  motion  of  the  rod  to  eflect  the  disconnection,  unless  the 
incline  were  made  so  steep  as  to  be  prejudicial  in  its  action 
against  the  stop.  Having  such  valve-gear  as  is  here  ex¬ 
hibited,  that  is  the  sim]3lest  way  to  do  it. 

Q.  I  am  speaking  now  with  regard  to  the  cutting  oil'  of 
the  steam.  I  am  not  speaking  of  tliis  wrist-plate  as  a  means 
of  modifying  the  motion  of  the  valves  in  connection  witli 
that  wrist-plate.  In  both  cases,  do  you  not  have  to  over¬ 
come  the  friction  due  to  the  force  necessary  to  perform  this  602 
disengagement  as  the  rod  slides  under  there  ( 

A.  Yes. 

The  Court  then  adjourned  to  January  *2(1.  is.5.0,  at  11 
o’clock,  A.M. 


Januarv  2d,  lSo5.  11  «/clock,  A.  H. 

The  cross-examination  of  William  C.  ITilthnrd.  a  witne-s 
for  the  defendants,  was  resumed. 

Q.  I  perceive  in  your  testimony  that  you  call  rods, 
in  the  defendants’  apparatus,  hook  rods  '^ 

A.  Yes. 

Q.  Yow,  is  not  this  the  hook-rod,  as  generally  known  in 
the  steam-engine, — this  one  that  comes  from  the  eccentric 
A.  Sometimes. 

Q.  Is  there  not,  in  the  engine  used  by  the  defendants,  as 
in  all  other  engines,  a  hook  on  this  rod  and  a  liandle.  so 
that  the  valve-gear  can  be  disconnected,  at  any  time,  by  the 
hand  of  the  engineer  { 

A.  Sometimes  ;  it  is  on  the  defendants'. 

Q.  The  purpose  of  that  is  to  be  al»1e  to  disengage  and 
start  the  engine  bv  hand 
A.  Yes.  "  ' 

Q.  One  of  the  distinctions  which  you  drew  betwetm  the 
Sickels’  combination  for  tripping  and  the  defendant-'  i>. 
that  in  Sickels’  arrangement  it  can  be  set  to  cut  otf  bevoml 
half  stroke,  and  the  defendants'  cannot:  1  ^vill  ask  you, 
whether  it  is  a  disadvantage  or  an  advantage  to  be  aide  to 
set  the  cut-off  of  an  engine  bevond  half  str<.)ke  ' 

A.  For  the  cut-off  to  be  used  for  tlie  purpose  to  whicli 
Sickels  applied  it,  I  should  think  it  was  an  advantage  : 
sometimes  an  occasion  would  arise  where  it  would  l»e  an 
object  to  cut  off  beyond  half  stroke. 

Q.  ^Yhy  do  you  coniine  that  to  Sickels'  \ 

A.  Because  the  valve-gear  to  which  that  improvement 
was  applied,  was  the  common  steamboat  valve-gear,  and  it 
sometimes  might  be  necessary,  in  that  case,  to  cut  off  be¬ 
yond  half  sti’oke. 


6U3 
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606  Q.  Why  iiiiglit  it  not  he  just  as  advantageous  in  any. 
other  engine,  to  cut  off  Ijeyond  half  stroke  ? 

A.  Because  in  stationary  eno;ines  we  have  better  con- 
venience  for  keeping  the  povv^er  more  constant^  and  there  is 
a  more  constant  requirement  on  the  engine  than  there  is  in 
marine  engines. 

Q.  Do  yon  understand  Sickels’  invention  to  be  limited 
to  steamboat  engines  'i 

A.  I  understand  it  to  be  limited  to  the  devices  he  has 
snecified. 

X 

607  Q.  Do  you  consider  his  invention  of  that  device  as  lim¬ 
ited  in  its  use  to  steamboat  engines  ? 

A.  It  can  be. applied  to  any  engine. 

Q.  How,  sir,  ill  a  rolling-mill  engine,  does  not  the  resist¬ 
ance  which  the  engine  has  to  overcome  vary  more  than  it 
does  in  the  steamboat  engine  ? 

A.  It  does,  as  a  general  thing,  I  should  think. 

Q.  Then,  will  you  tell  us  why  it  is,  that  to  have  a  capa¬ 
city  to  cut  off  beyond  half  stroke  in  a  steamboat  engine,  in 
which  the  resistance  does  not  vary  so  much,  will  be  an  ad- 

608  vantage,  and  that  it  will  be  a  disadvantage  in  a  stationary 
engine  for  a  rolling-mill  ? 

A.  It  grows  out  of  the  nature  of  the  employment ;  in  the 
rolling-mill  we  know,  as  a  general  thing,  what  the  maximum 
power  required  would  be,  and  an  engine,  to  be  adapted  to 
it,  shoidd  be  so  large  that  it  should  never  require  to  cut 
off  beyond  half  stroke,  to  meet  those  conditions,  and  then 
the  fluctuations  of  power  would  be  within  that;  in  a  steam¬ 
boat  it  would  be  better  to  cut  off  within  half  stroke,  but 

609  there  may  circumstances  arise  (for  instance,  in  going  into 
a  head-sea,  where  the  facility  for  making  steam  might  be 
reduced,  and  there  is  liability  to  get  into  a  position  of  dan¬ 
ger)  where,  to  give  an  extra  amount  of  power,  it  would  be 
of  advantage. 

Q.  How,  in  the  defendants’  engine,  if  you  were  to  get  in¬ 
to  such  an  emergency  as  that,  could  you  not  make  it  work 
full  stroke  ? 

A.  You  could. 

Q.  Just  as  well  as  Sickels’  1 

610  A.  Y^es,  you  could  make  it  work  at  full  stroke  just  as 
well  as  Sickels’. 

Q.  And  you  think  that  in  the  defendants’  it  would  be  a 

nr! vantage  to  be  able  to  adjust  anywhere  between  half 
. .  .  ^ .  i  - s .  ok  e  ? 

A.  Act  particularly  a  disadvantage ;  but  a  difficulty 
would  arise  from  the  construction  of  the  valve- gear. 

Q.  You  think  that  an  engine  cannot  be  made,  having 
the  governor  connected  with  it,  to  govern  the  cut-off  be¬ 
tween  half  and  full  stroke  ?  • 
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A.  IS’o  ;  I  do  not  say  that ;  I  do  not  know  what  could  be  611 
made ;  but  I  know  it  would  not  be  convenient  to  adapt  it 
to  this. 

Q.  If  yon  coidd  apply  the  governor  to  Sickels’  arrange¬ 
ment,  would  it  be  an  advantage  or  disadvantage  to  enable 
the  governor  to  set  the  cut-off  at  any  point  beyond  half 
stroke,  as  well  as  within  half  stroke  ? 

A.  I  do  not  know  how  the  governor  could  be  applied. 

Q.  I  am  supposing  that  we  can  ? 

A.  Then  tell  me  how  it  is  to  be  done ;  describe  the  ma¬ 
chinery.  6 1 2 

Q.  I  will  not  describe  the  machinery  at  present ;  assnni- 
ing  that  the  governor  can  be  connected  with  Sickels’  ar¬ 
rangement,  would  it  be  an  advantage  or  disadvantage  to 
have  the  governor  regulate  that  cut-off  beyond,  as  well  as 
within  half  stroke  ? 

A.  I  think  it  would  be  an  advantage,  if  it  could  do  it 
well — not  of  much  practical  use,  however,  because  a  cut¬ 
off  at  that  point  is  not  desirable  to  be  used  for  general 
purposes. 

Q.  If  I  understood  your  examination  in  chief  correctly  the  613 
other  day,  you  stated  that  the  mode  of  unlatching,  as  repre¬ 
sented  in  the  defendants’  model,  was  more  sensitive  than  the 
mode  described  in  Sickels’  patent,  will  you  explain  why  ? 

A.  I  do  not  know  that  I  stated  it  in  those  terms ;  but 
what  I  meant  was,  that  a  slight  modification  of  the  mecha¬ 
nism  of  the  regulator  efiects  a  change  in  cutting  off  more 
sensitively  when  combined  with  mechanism  of  this  descrip¬ 
tion  ;  the  reason  is,  that  a  very  small  rising  or  falling  of  the 
slide  will  effect  a  considerable  difference  in  the  point  of  614 
time  at  which  it  shall  be  cut  otf,  owing  to  the  peculiar  mo¬ 
tion  of  the  parts,  by  means  of  the  detachment. 

Q.  Those  are  not  the  means  I  mean  ;  does  it  not  require 
more  power  to  disengage  that  catch  from  this  arm,  in  the 
valve-lifter  of  the  defendants’,  than  it  does  to  disengage  the 
catch  from  the  valve-stem  in  Sickels’  arrangement  ? 

A.  It  takes  less  in  Corliss’.  ‘ 

Q.  Why  so  ? 

A.  Because  the  pressure  in  proportion  to  the  opening  of 
the  valve  is  not  so  great  on  that  point  as  it  is  in  Sickels’.  615 

Q.  Is  not  the  pressure  on  that  catch  due  to  the  weight  ? 

A.  Yes. 

Q.  How,  sir,  is  that  w^eight  that  is  used  for  closing  the 
valve  in  the  defendants’  greater  than  the  weight  which 
hangs  on  the  catches  in  Sickels’  ? 

A.  I  should  think  it  was. 

Q.  Assuming  the  weight  to  be  the  same  in  both,  will  not 
the  amount  of  friction  to  be  overcome  in  liberating  the 
catches,  in  both  cases  be  determined  by  the  amount  of  weight 
resting  on  the  catches? 


616  A.  'No,  not  entirely.  The  distance  which  the  catch  has 
to  move  to  effect  a  detachment  must  he  taken  into  account. 

Q.  Is  there  any  necessity  that  one  catch  should  have  a 
greater  movement  than  the  other  ? 

A.  Yes ;  I  think  from  the  way  in  which  the  valves  are 
constructed  that  you  would  require  larger  surfaces  in 
Sickels’  than  you  would  in  Corliss’. 

Q.  Is  it  necessary  tliat  these  catches  should  do  any  more 
than  hold  up  the  valve-stem,  in  this  black  model  of  Sickels’  ? 

A.  So  far  as  anj?^  one  operation  goes  it  is  not  necessary. 

611  They  want  to  be  in  such  a  form  that  they  will  wear  well. 

Q.  Please  explain  to  the  jury  why  it  is  that  it  must  im¬ 
pinge  more  in  one  than  in  the  other — both  having  the  same 
amount  of  weight — to  hold  the  catches  ? 

A.  I  do  not  understand  the  question  ? 

Q.  Explain  to  the  jury  why  it  is  that  one  must  take  great¬ 
er  hold  than  the  other,  when  the  amount  to  be  held  and 
lifted  is  the  same  in  both  ? 

A.  The  difference  is  due  to  the  fact  that  in  Corliss’  the 

618  hook-rod,  when  seizing,  bears  upon  a  catch  with  a  rounded 
edge,  and  it  Requires  but  little  lateral  movement  to  detatch 
it.  In  Sickels’  it  requires  a  deeper  notch,  or  the  liability  is 
that  the  corners  will  wear  round  both  on  the  lifter  and  the 
valve-stem,  and  by  sliding  out  fail  to  effect  a  permanent 
attachment. 

Q.  Do  you  not  know  that  there  is  just  as  much  fear  of 
the  corners  of  these  two  catches  wearing  round,  as  there  is 
of  the  catch  in  that  to  wear  ? 

A.  No,  sir. 

619  Q.  For  what  reason  ? 

A.  For  the  reason  of  the  peculiar  form  of  its  edge.  (Wit¬ 
ness  explained  on  the  models.) 

Q.  Cannot  the  catch  in  Sickels’  be  bevelled  off  in  the 
same  way,  so  as  to  hold  on  at  the  bottom  of  the  notch  ? 

A.  It  might  be. 

Q.  Would  it  require  invention  to  make  that  change  ? 

A.  Hot  very  much. 

Q.  Would  it  require  any? 

A.  I  do  not  think  it  could  be  considered  as  requiring  any 

620  invention. 

Q.  How,  sir,  would  it  destroy  the  substantial  identity  of 
the  arrangement  for  cutting-off  steam — not  as  a  means  of 
regulating  the  motion  of  the  engine  to  the  load,  but  simply 
as  a  means  of  cutting  off  the  steam — would  it  destroy  the 
substantial  identity  of  the  defendants’  arrangement,  to  break 
the  connection  between  this  wedge-rod  and  the  governor, 
and  a^ust  this  slide  by  hand  ? 

A.  I  think  it  would. 

Q.  Why,  sir  ? 
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A.  Because  it  would  then  lose  the  property  which  is  due  621 
to  the  combination  of  the  machine. 

Q.  Would  it  not  be  an  adjustable  cut-off 

A.  Y  es,  but  not  such  an  adjustable  cut-off*  as  that  is. 

Q.  I  am  now  leaving  out  of  the  question  altogether,  the 
means  of  regulating  by  the  governor.  As  a  means  of  cut¬ 
ting  off  steam  and  adjusting  the  point  of  cut-off,  would  it  not 
be  substantially  the  same  as  it  is  noAv  ? 

A.  I  do  not  think  it  would  be,  for  the  reason  I  told  vou. 

The  governor  cannot  regulate  the  velocity  of  tlie  engine,  622 
except  by  means  of  combining  it  with  something  which  — 

Q.  I  ask  you  to  suppose  the  governor  to  be  disconnected 
from  it.  Having  the  governor  disconnected,  and  this  rod  ad¬ 
justed  by  the  engineer,  would  it  destroy  the  substantial  iden¬ 
tity  of  the  apparatus  for  tripping  the  valve  and  cutting 
off*  the  steam  ? 

A.  For  tripping  the  valve  it  would  not ;  for  cutting  off  it 
would. 

Q.  Would  it  not  cut  off*  the  steam  ^ 

A.  It  would  cut  off*  the  steam,  but  not  in  the  manner  it  623 
does  now. 

Q.  Would  it  not  cut  it  off’  precisely  the  same  as  it  does 
now  ? 

A.  Xo.  Tlie  steam  would  be  cut  off* ;  but,  as  a  cut-off,  it 
would  not  have  that  property  which  it  has  now,  in  combi¬ 
nation  with  the  regulator — tliat  is,  tlie  property  of  control- 
in^  the  velocitv  ot  the  euolne. 

Q.  Suppose  the  slide  of  the  governor  be  secured,  so  that 
the  balls  will  not  be  affected  by  any  change  in  the  velocity 
of  the  engine,  would  not  the  engine  then  cut  off  at  a  fixed  624 
point  ? 

A.  It  would. 

Q.  If  you  shift  that,  and  fasten  it  at  another  place,  would 
it  not  cut-off’  at  a  diff’erent  point  ? 

A.  It  would. 

Q.  Would  it  do  precisely  what  is  done  on  Sickels’,  when 
the  sliding-piece  is  shifted  and  set  ? 

A.  It  would,  so  far  as  the  cutting  off  of  steam  is  con¬ 
cerned. 

Q.  Would  it  not  regulate  the  cut-off*  just  exactly  as  it  625 
does  in  Sickels’  ? 

A.  It  would  not  regulate  it  at  all. 

Q.  Would  it  be  cutting  off  at  the  same  place  after  you 
shifted  it  ? 

A.  Xo. 

Q.  Would  it  not  then  regulate;  if  you  want  to  cut  off* 
short  in  the  plaintiffs’  you  shift  this  (the  sliding-piece);  and 
in  the  defendants’  vou  shift  the  slide  of  the  governor’s  balls, 

c'  7 

SO  as  to  cut  off’  shorter ;  would  not  that  regulate  the  point 
of  cut-off  in  both  cases  ? 


1 

1 
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626  A.  It  would  change  it. 

Q.  Would  it  not  regulate  it  ? 

A.  'No. 

Q.  You  have  an  engine  that  is  working  with  a  certain 
amount  of  steam,  and  with  a  certain  amount  of  load,  and 
all  that  is  reduced  so  that  you  want  your  engine  to  cut  off 
shorter,  to  adapt  the  power  to  the  demands  of  the  resist¬ 
ance  ;  in  Sickels’  arrangement,  as  an  engineer,  you  would 
shift  the  stop,  and  make  it  cut  off  shorter,  to  adapt  it  to  the 

627  condition  of  the  load, — would  you  not  ? 

A.  As  a  constant  condition,  I  should. 

Q.  In  the  arrangement  of  the  defendants,  you  would 
shift  the  slide  of  the  governor  to  make  the  engine  cut  off 
shorter  ? 

A.  I  should  let  it  take  care  of  itself. 

Q.  I  am  assuming  that  you  shift  it  by  hand,  and  fix  it 
there  ;  have  you  not  regulated  the  cut-on  to  suit  the  new 
condition  ? 

A.  If  you  merely  consider  the  condition  of  the  load  and 

628  the  steam,  changing  and  regulating  it,  you  have. 

The  Court. — It  would  cut  off  at  that  point  ? 

A.  Yes,  until  a  farther  change  was  made. 

Mr.  Keller. — N^ow,  then,  sir,  was  not  the  addition  of  the 
throttle-valve  to  the  steam-pipe  of  the  steam-engine,  in  com¬ 
bination  with  the  steam-valves  that  admit  the  steam  to  the 
cylinder,  an  improvement  on  the  steam-engine  at  the  time 
of  its  first  introduction? 

629  A.  Certainly,  it  was  an  improvement ;  I  do  not  consider 
that,  however,  the  combination  in  which  it  was  placed ;  the 
introduction  of  the  throttle-valve  was,  undoubtedly,  an  im¬ 
provement. 

Q.  Was  it  not  added  as  a  means  of  regulating  the  admis¬ 
sion  of  steam  that  should  reach  the  steam -valves  ? 

A.  Yes. 

Q.  Then  was  it  not  used  in  combination  with  the  steam- 
valves  ? 

A.  Not  directly,  but  rather  in  combination  with  the 
general  structure  of  the  engine. 

630  Q.  If,  as  you  have  stated,  the  throttle-valve  was  for  the 
purpose  of  regulating  the  amount  of  steam  to  be  admitted 
to  the  valves,  was  it  not  used  in  combination  with  the 
steam-valves  ? 

A.  I  do  not  consider  it  so  ;  it  was  in  combination  with 
the  engine. 

Q.  Was  it  not  directly  in  combination  with  the  steam- 
valves  ? 

A.  No  more  than  with  the  exhaust  valves ;  the  steam 
would  pass  through  both. 


Q.  Does  not  the  thi-ottle-valve  admit  steam  first  to  the  G31 
steam- valves,  and,  after  the  steam  has  performed  its  functions 
in  the  cylinder,  it  p^ses  out  of  the  exhaust  valves  ? 

A.  Yes. 

Q.  Is  there  any  direct  connection  between  the  throttle- 
valve  and  the  exhaust- valves,  in  that  view  ? 

A.  Is’one,  except  through  the  steam-valves. 

Q.  Then  is  it  not  proj^er  to  say  that  the  throttle-valve 
was  combined  with  the  steam-valves  ? 

A.  I  do  not  think  it  is,  as  a  technical  combination,  which 
I  understand  to  he  inquired  of.  632 

Q.  When  the  throttle- valve  was  fii*st  used,  was  it  not  con¬ 
trolled  by  hand  ? 

A.  I  think  not ;  my  impression  is  that  it  was  not,  but  I 
cannot  recollect. 

Q.  As  an  engineer,  I  ask  you  now  whether  the  throttle- 
valve  in  steam-engines  was  not  controlled  and  operated  by 
the  hand  of  the  engineer,  before  the  governor  was  combined 
with  it  ? 

A.  No,  sir,  I  believe  not ;  that  is  my  im]3ression,  but  I 
am  not  certain.  633 

Q.  On  the  assumption  that  the  throttle- valve  was  intro¬ 
duced  and  operated  by  hand,  before  the  governor  was  ap¬ 
plied  to  it,  was  not  the  throttle- valve,  in  that  condition, 
working  without  the  governor,  a  means  of  regulating  the 
speed  of  the  engine  ?  A.  It  was. 

Q.  Did  the  addition  of  the  governor  to  that,  which  ren¬ 
dered  it  self-directing  by  the  speed  of  the  engine,  alter  the 
substantial  identity  of  the  combination  of  the  throttle-valve 
with  the  engine  ?  On  the  assumption  that  the  throttle-valve 
w^as  first  introduced  in  the  steam  engine,  and  worked  by  634 
hand,  did  the  addition  of  the  governor  to  the  throttle-valve, 
to  render  it  an  automatic  adjustment,  destroy  the  substan¬ 
tial  identity  of  the  combination  of  the  throttle-valve  with 
the  engine  ? 

A.  It  did ;  I  think  so. 

Q.  Did  it  take  away  anything  that  existed  in  the  engine 
before  ? 

A.  No,  I  do  not  think  it  took  away  anything;  it  changed 
its  properties  in  a  measure. 

Q.  That  is,  it  rendered  that  automatically  adjustable,  635 
which  before  was  adiustahle  by  hand? 

A.  Yes. 

Q.  Now  I  will  ask,  in  youi*  judgment,  do  you  consider 
that  as  an  improvement  added,  or  a  substantial  change  of 
the  original  combination? 

A.  It  was  an  improvement  added.  Whether  it  could  be 
considered  a  substantial  change,  is  a  pretty  close  question. 

But  there  is  a  substantial  change  induced  by  the  combina- 
17 
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6^6  tion,  and  it  would  be  treated  rather  as  an  improvement  and 
;  addition. 

\  Q.  In  view  of  that,  would  the  addition  of  the  governor 
to  the  adjustable  slide  of  Sickels’  cut-off,  to  render  that  au¬ 
tomatic  in  its  arrangement,  instead  of  an  adjustment  by 
hand, — would  that  be  an  improvement  added  to,  or  a  sub¬ 
stantial  change  of  the  original  combination  ? 

H  A.  I  think  it  would'  change  the  combination,  because  it 
^  would  change  essentially  one  of  the  parts,  which  must  be 

637^^ changed  in  order  to  be  able  to  combine  the  governor  with 
'  what  is  left  of  it. 

Q.  Was  there  not  as  great  a  change  required  at  the  time 
the  governor  was  added  to  the  throttle- valve  ? 

A.  I  think  not.  There  is  this  distinction,  which,  in  my 
mind,  is  entitled  to  great  weight.  By  combining  the  govern¬ 
or  with  the  cut-off,  instead  of  combining  the  governor  with 
throttle-valve,  it  is  not  merely  adding  the  function  of  the 
throttle- valve  to  the  cut-off,  but  it  is  making  the  cut-off 

638  do  what  it  never  did  before,  and  so  operating  as  to  dispense 
with  what  was  necessary  before  to  regulate  it. 

Q.  Suppose  you  take  this  model  of  Sickels’  arrangement 
of  this  sliding  adjustable  piece,  and  you  add  to  it  a  sliding 
plate,  like  the  sliding-rod  in  the  defendants’,  with  inclined 
grooves  in  it  embracing  the  stem,  having  the  same  inclina¬ 
tion  that  the  wedges  of  the  sliding-rod  of  the  defendants’ 
engine  have,  and  you  connect  that  slide  with  the  governor, 
will  it  not  then  regulate  the  cut-off  by  the  governor,  as  ef- 

639  fectually  as  it  does  in  the  defendants’. 

A.  I  think  it  would,  if  the  sliding-j)late  were  properly 

guided.  I  do  not  think  it  would  be  as  sensitive  as  the  de¬ 
fendants’. 

Q.  Why  not  as  sensitive  ? 

A.  Because  the  springs  in  Sickels’  are  much  longer  in 
contact  with  the  inclined  planes,  than  the  hook-rod  in  the 
defendants’  is  in  contact  with  the  stem  and,  while  thus  in 
contact,  would  be  likely  to  hold  the  regulator  still.  It  does 
not  leave  the  regulator  as  free  as  Corliss’  does.  Another 

640  reason  why  it  would  not  be  so  practically  good  as  the  de¬ 
fendants’  is,  that  the  cut-off  cannot  be  regulated  so  short, 
which  might  be  necessary  in  case  the  engine  was  running 
empty.  Because,  by  Sickels’  arrangement  the  steam  must 
always  be  admitted  during  the  whole  time  the  detachment 
is  being  effected,  for,  the  moment  the  valve-stem  begins  to 
move  it  lets  in  steam — it  must  rise  sufficiently  to  detach, 
and,  when  rising,  will  admit  steam;  but,  in  Corliss’  ar¬ 
rangement,  yon  can  so  regulate  as  to  cut  off  steam  entirely. 

Q.  Do  you  ever  want  to  cut  off  when  you  do  not  admit 
steam  at  all  ? 

A.  Yes,  sometimes — to  detach  it  so  that  it  cannot  admit 
steam. 
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Q.  Is  not  the  readiest  mode  to  do  that,  to  remove  the  stop  641 
altogether  ? 

A.  In  the  working  of  an  engine,  supposing  the  main 
belt  broke,  it  is  important  that  it  should  have  power  to  arrest 
the  steam  instantly,  and  it  is  probably  of  consideration  in 
that  arrangement. 

Q.  If  you  place  that  stop  so  that  the  spring  catches  in 
Sickels’  are  entirely  disconnected  from  the  stem,  will  not 
the  engine  work  without  admitting  steam  ? 

A.  It  would  not  work  at  all.  642 

Q.  I  put  it  to  you  as  an  engineer,  after  a  thorough  exami¬ 
nation  of  that  model  of  the  plaintiffs’,  whether,  with  the 
modifications  I  have  described,  or  rather  the  addition  of  the 
slide  in  connection  with  the  governor  with  Sickels’,  it  will 
not  be  capable  of  cutting  off  at  any  portion  of  the  stroke 
which  can  be  effected  by  the  defendants’  ? 

A.  .1  think  there  would  be  a  practical  difficulty  for  a 
small  portion  of  the  space  at  the  commencement ;  but  after 
that  I  think  it  will. 

Q.  Do  you  think  there  is  any  portion  of  the  half-stroke  643 
within  which  the  defendants’  can  cut  off  that  Sickels’  appa¬ 
ratus  will  not,  with  that  addition  ? 

A.  Practically,  I  think,  at  the  first  part  of  the  stroke  it 
will  not  do  it,  from  the  difficulties  which  I  mentioned. 

Q.  Would  the  alteration,  with  the  addition  of  that  slide 
connected  with  the  governor,  destroy  the  substantial  identity 
of  Sickels’  combination  ;  or  would  it  be  an  addition  to  that 
combination  ? 

A.  I  think  it  would  destroy  the  identity.  I  think  that 
the  properties  of  the  sliding-piece  are  changed.  It  is  no  d44 
longer  a  sliding-piece  as  described,  nor  has  it  the  same  pro¬ 
perties. 

Q.  Does  it  perform  the  function  of  disengaging  th4 
valve-stem,  wherever  it  happens  to  be  placed  by  the  go¬ 
vernor? 

A.  'No,  sir;  its  property  consists  in  operating  those 
springs,  and  that  is  all  it  does. 

Q.  Does  it  possess  the  property  of  disengaging  the  valve, 
and  permitting  it  to  close  at  any  point  where  the  governor 
happens  to  hold  it  ?  645 

A.  That  property  is  due  to  the  combination.  It  is  the 
combination  of  the  slide,  springs  and  valve-stem  together, 
which  produces  that  result. 

Q.  Please  to  answer  my  question.  When  that  is  in  con¬ 
nection  with  the  governor,  at  any  portion  of  the  operation 
of  the  machine,  wherever  the  governor  happens  to  hold 
that  adjustable  piece,  will  it  not  disengage  the  catches  and 
permit  the  valve  to  close  ? 

A.  Yes. 


H  UJ  Q.  Does  it  not  possess  precisely  that  property,  if  secured 
there,  at  tliat  time,  or  at  any  period  of  time  ? 

A.  Yes. 

Q.  Then,  sir,  does  not  the  governor  simply  add  to  this  ad- 
j  ustable  piece,  the  property  of  being  set  and  regulated  iii 
its  position  by  the  governor,  instead  of  by  the  set-screw  in 
the  hand  of  the  engineer? 

/  A.  It  makes  that  change. 

/  Q.  Then  you  call  that  a  change  which  entirely  destroys 
/  the  substantial  identity  of  Sickels’  apparatus  as  a  cut-off? 
6lji  A.  I  do  not  say  entirely  destroys  it I  say  it  substan- 
/  tially  changes  it. 

/  Q.  I  want  your  judgment  whether  it  substantially  de- 
/  stroys  the  original  combination,  ox  whether  it  is  an  addition 
/  to  that  combination. 

/  A.  I  think  it  destroys  the  combination  ;  a  mere  addition 
L  does  not  reach  it,  in  my  opinion. 

Q.  Do  you  know,  sir,  if  Mr.  Corliss  was  the  first  to  com¬ 
bine  the  governor  with  cut-off  valves,|instead  of  the  throttle- 
valve  ? 

04g  (The  defendants’  counsel  objected  to  any  inquiry  into  the 
originality  of  Corliss’  inventions. 

The  Court  decided  the  question  to  be  admissible,  for  the 
purpose  of  putting  before  the  jury  the  particular  elements 
constituting  the  combination  in  Corliss’  engine,  but  not  for 
the  purpose  of  establishing  that  Corliss’  patents  were  not 
^  for  an  original  discovery,  or  of  in  any  way  disproving  the 
'  validity  of  Corliss’  patents.  To  this  decision  the  defend¬ 
ant’s  counsel  excepted.) 

Q.  Prior  to  the  invention  of  Corliss,  do  you  know  if  the 
649  governor  was  connected  with  cut-off  valves  ? 

A.  There  is  an  account  in  the  books ;  but  I  do  not  know, 
of  my  own  knowledge,  of  any  practical  arrangement  for  do¬ 
ing  that  thing.  The  thing  has  been  considered  desirable 
-  by  engineers  to  be  accomplished,  and  attempts  have  been 
j  made  to  do  it. 

Q.  Do  you  not  know  from  the  books  that  the  governor  has 
been  combined  with  the  cut-off  valves  of  the  steam  engine  ? 

A.  From  accounts  in  the  books  I  know  that  it  has  been 
(550  attempted. 

Q.  And  in  all  cases,  to  your  knowledge,  is  not  the  govern¬ 
or  so  connected  as  to  shift  the  apparatus  which  determines 
the  period  at  which  the  valve  shall  close  ? 

A.  Yes. 

Q.  Did  I  understand  you  to  testify,  the  other  day,  that 
the  wiist-plate  of  the  defendants’,  which  communicates 
mo  ion  to  tiie  valve,  was  invented  with  special  reference  to 
making  a  sensitive  cut-off? 

A.  1  do  not  know  that  I  stated  it  was  in  the  mind  of  the 
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nventor.  I  stated  that  the  arrangement  of  valve-gear,  in  651 
connection  with  the  wrist-plate,  of  which  it  is  a  part,  made 
it  particularly  applicable  to  be  worked  in  that  way ;  but  I 
cannot  tell  whether  it  was  in  the  mind  of  the  inventor. 

Q.  Do  you  not  know  that  that  wrist-plate  was  invented 
to  operate  the  slide-valves  before  Mr.  Corliss  applied  it  to 
cutting  off? 

A.  That  I  cannot  tell.  I  have  no  means  of  knowing 
whatever. 

Q.  JS^ow,  sir,  with  reference  to  the  wire-drawing  of 
steam.  Will  not  steam  pass  through  a  small  aperture  with-  65^ 
out  wire-drawing,  if  that  aperture  is  in  proportion  to  the 
size  of  the  chamber  which  is  to  be  filled  with  steam  ? 

A.  Wire-drawing  is  due  to  the  fact  that  the  steam  fiows 
through  an  aperture,  whether  large  or  small,  where  the 
pressure  on  one  side  of  it  is  greater  than  upon  the  other. 

Q.  hTow,  sir,  at  the  time  the  piston  is  first  started,  does  it 
not  move  a  great  deal  slower  than  it  does  towards  the  mid¬ 
dle  of  the  stroke  ? 

A.  It  does.  653 

Q.  Is  it  not  due  to  the  fact  that  at  this  point  (illustrating 
on  the  defendants’  model)  just  as  the  crank  is  passing  the 
dead  centre,  when  the  connecting  rod  is  in  line  with  the 
axis  of  the  connecting  rock-shaft,  the  piston  is  not  moved, 
and  it  starts  with  a  slow  motion,  and  that  motion  accelerates 
until  the  cranks  gets  at  right  angles,  and  then  diminishes 
until  it  gets  to  the  opposite  dead  centre  ? 

A.  Yes. 

Q.  How,  sir,  if  you  take  a  quarter  motion  of  the  crank  in 
its  circle,  supposing  the  position  from  there  to  there^  does  654 
not  the  piston  have  to  pass  through  a  much  longer  space 
than  in  the  other  quarter  of  the  revolution  coming  round  to 
this  point  by  reason  of  the  curvature  of  the  motion  ? 

A.  Yes. 

Q.  How,  sir,  in  all  steam  engines,  does  not  the  valve 
open  a  little  before  the  piston  begins  to  move  ? 

A.  Some  do,  and  some  do  not. 

Q.  Is  it  not  a  general  practice  to  give  a  lead  to  the  steam- 
valve  ? 

A.  It  is  by  some  engineers,  and  by  some  it  is  not. 

Q.  But  it  is  practised  ?  655 

A.  Yes,  by  some. 

Q.  How,  sir,  is  hot  a  puppet-valve  engine  usually  worked 
so  as  to  open  the  valves  a  little  before  the  piston  begins  to 
move  ? 

A.  It  depends  upon  the  opinion  of  the  engineer  who  uses 
it. 

Q.  Would  it  constitute  an  essential  difference  in  the 
engine  whether  you  give  the  valve  a  lead,  or  do  not  give  it 
a  lead  ? 
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656  A. 

Q.  If  tlie  valve  has  a  lead,  and  the  steam-port  is  opened 
a  little  before  the  piston  begins  to  move,  is  there  any  danger 
of  wire-drawing  the  steam,  in  view  of  the  fact  that  the  piston 
at  the  commencement  of  its  stroke  is  moving  very  slowly,  as 
compared  with  its  ultimate  motion  at  the  middle  of  the 
stroke  ? 

A.  Judging  from  diagrams  that  I  have  seen,  I  should 
think  there  was.  In  avoiding  this  difficulty  you  are  apt  to 
create  another — the  “  cushioning”  of  steam,  which  detracts 

667  from  the  power  of  the  engine. 

Q.  Are  not  all  these  questions  requiring  an  exercise  of 
the  judgment  of  the  engineer  in  considering  which  of  these 
various  forms  he  will  adopt — either  to  give  the  lead  or  not, 
to  make  the  valve  lap  or  not,  and  to  use  the  check-ring  in 
the  puppet-valve  or  not — do  they  not  all  look  simply  to  the 
question  of  admitting  the  steam  at  the  time  of  starting  the 
engine  ? 

A.  They  all  look  to  admitting  the  steam  properly,  so  as 

668  to  work  the  piston  properly. 

Q.  Is  it  not  a  matter  of  election  among  engineers  which 
of  these  various  modes  they  will  select  ? 

A.  Certainly. 

Q.  Does  the  motion  of  this  wrist-plate  have  anything  to 
do  with  the  closing  of  the  valve  ? 

A.  Not  of  the  steam-valves,  when  they  cut  off.  I  will 
modify  that  a  little  to  this  extent  — that  when  they  cut  off 
very  short,  the  valve  has  less  distance  to  move,  and  the 
weight  less  distance  to  fall  to  close  it.  It  would  modify  it  a 
little. 

669  Q-  Would  that  be  a  material  alteration? 

I  A.  I  do  not  think  that  would  be  material. 

f  Q.  So  far  as  regards  merely  imparting  motion  to  the 
I  valves,  does  not  the  wrist-plate  take  the  place  of  the  rock- 
!  ing  shaft  in  other  engines  ? 

I  A.  I  do  not  know  that  it  takes  the  place,  because  it  is  a 
^  member  of  an  organization  in  the  engine — it  is  a  rocker. 

Q.  Is  it  not  interposed  between  the  valves  and  the  ec¬ 
centric,  as  a  rock-shaft  is  interposed  between  the  valves 
660  and  the  eccentric? 

A.  It  is  in  that  position. 

Q.  Does  not  each  one  of  the  wrists  on  this  wrist-plate 
operate  as  a  rock-shaft  ? 

A.  It  operates  as  a  rocker. 

Q.  Now,  sir,  I  understand  you  to  state  that  one  of  the 
advantages  of  this  wrist-plate  is,  that  it  reduces  the  amount 
of  motion  of  the  valve  during  the  time  that  the  steam-port 
is  closed.  When  the  puppet-valve  is  used,  is  not  the  valve 
at  rest  during  the  whole  of  the  time  that  the  port  is  closed  ? 
It  xs. 
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Q.  ITow,  sir,  as  a  question  of  power,  which  requires  the 
most  power — the  arrangement  which  keeps  the  valve  slight¬ 
ly  in  motion  during  the  time  the  ports  are  closed,  or  the  ar¬ 
rangement  which  keeps  the  valve  perfectly  still  ? 

A.  To  that  extent,  the  one  which  keeps  the  valve  in 
motion — to  that  extent  alone. 

Q.  But  I  understood  you  to  state,  that  the  advantage  here 
was,  that,  as  the  valve  is  set  in  motion  before  it  opens  the 
port,  by  the  time  it  reaches  the  edge  of  the  port,  and  begins 
to  open  it,  it  is  then  in  a  more  rapid  motion  than  if  it  started 
at  the  moment  of  openins;  the  port  ? 

A.  It  is. 

Q.  I  will  ask  you  if  that  precise  result  is  not  produced  in 
the  puppet-valve,  when  used  with  a  check-ring  ? 

A.  It  is,  when  the  check-ring  will  fit  tight ;  but  that  is 
the  difficulty  in  using  it.  Kthe  check-ring  be  made  steam- 
tight,  it  will  be  liable  to  catch  or  stick,  and  if  it  be  not 
make  steam-tight,  it  will  wire-draw. 

Q.  Would  there  be  any  more  friction  or  any  more  lia¬ 
bility  of  the  valve  to  be  checked  and  stopped  by  reason  of 
the  friction  of  that  ring  than  by  reason  of  the  friction  of  the 
surfaces  of  rotating  valves  on  their  seats  ? 

A.  Yes. 


Q.  Why,  sir  ? 

A.  Because,  in  the  defendants’  engine  the  slide-valves  are 
merely  pressed  by  the  steam  against  thefr  seats,  and,  if  there 
be  any  obstruction  upon  the  seat,  the  valve  is  fi’ee,  in  rotat¬ 
ing,  to  ride  over  it,  by  overcoming  the  pressure  of  the 
steam  ;  but,  with  the  check-ring,  even  the  expansion  of 
metal  would  make  it  stick,  or  a  confraction  of  the  metal  make 
it  go  loose,  and  any  little  dirt  would  be  likely  to  stick  it  up. 

Q.  Is  not  the  valve-seat  exposed  t^  the  same  heat  as  the 
valve  itself,  and  therefore  as  liable  to  expansion  or  contrac¬ 
tion  ? 

A.  Xot  at  first. 

Q.  Have  you  ever  known  any  difficulty  of  that  sort  to 
arise  in  the  use  of  the  check-ring  in  steam- valves  ? 

A.  I  am  not  familiar  with  their  use.  I  have  heard  them 
described,  but  never  saw  them  used. 

Q.  As  a  general  proposition,  what  kind  of  valves  require 
the  most  power  to  move  them — puppet  or  slide  valves? 

A.  Long  slide  valves,  or  rather  what  are  called  the  English 
D  valves,  are  the  most  difficult  to  move. 

Q.  I  will  ask  you  whether  the  puppet- valve,  as  a  general 
rule,  does  not  work  with  less  power  than  any  of  the  slide- 
valves  that  are  known  ? 

A.  Yes.  As  a  general  proposition  it  is  true;  that  is, 
provided  the  puppet-valves  are  balanced. 

Q.  Does  not  the  puppet-valve,  for  a  given  amount  of 
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motion,  present  a  greater  area  of  opening  than  the  slide- 
valve  or  the  rotating  valve  ? 

A.  ]^o ;  there  is  no  difference  that  I  know  of. 

Q.  It  does  not  ? 

A.  Ho.  It  depends  npon  the  perimeter  of  the  valve  as 
compared  with  the  breadth  of  the  port. 

Q.  How,  sir,  assuming  the  area  of  that  steam-port  (pro¬ 
ducing  a  model)  to  he  equal  to  the  area  of  the  steam-port  in 
this  model  of  Sickels’,  does  not  Sickels’,  in  the  lifting  of  the 
valve,  open  the  area  all  around  that  circle  ? 

A.  It  does. 

Q.  Does  not  this  (small  model)  open  on  one  side  of  the 
area? 

A.  It  does. 

Q.  Then,  sir,  if  you  here  open  both  sides  of  that  by  a 

ot  present  a  larger  area 
it? 


given  amount  oi  motion,  would  it  n 
than  if  you  opened  only  one  side  of 
A.  Yes. 


Q.  As  Sickels’  opens  the  area  all  around,  and  this  (small 
model)  only  on  one  side,  does  not  the  puppet- valve  present 
a  greater  area  for  a  given  motion  than  the  slide-valve  ? 

A.  Ho.  You  can  make  that  slot  just  as  long  as  the  peri¬ 
meter  of  the  valve. 

Q.  Would  that  not  make  a  larger  area  of  opening  ? 

A.  That  depends  upon  the  width  again. 

Q.  Is  it  your  judgment  that  that  which  only  opens  upon 
one  side  will  present  as  large  an  area  of  opening  as  that 
which  opens  all  around  ? 

A.  I  did  not  say  so. 

Q.  If  this  valve  were  precisely  the  size  of  that  steam- 
port,  when  let  down  to  cover  it  entirely — ^I  will  ask  you 
which  valve  presents  the  greatest  area  of  opening,  to  lift 
the  valve  up  from  the  port  an  eighth  of  an  inch  or  to  slide  it 
over  the  area  an  eighth  of  an  inch  ? 

A.  To  lift  it  up. 

Q.  Is  not  that  precisely  the  problem  presented  by  the 
puppet- valve  and  slide-valve  ? 

A.  It  does  not  seem  so  to  me,  as  the  question  has  been 
propounded. 

Q.  How,  sir,  I  will  call  your  attention  to  the  dash-pot 
for  a  while.  I  will  ask  you,  whether,  if  you  take  the  dash- 
pot  exactly  as  described  in  Sickels’  patent,  and  place  it 
under  the  weight  in  the  defendants’  engine,  the  means  for 
regulating  the  closing  of  the  valves,  in  both  apparatus, 
would  be  substantially  alike  or  substantially  different  ? 

A.  I  think  the  means  of  arresting  the  weight  would  be 
the  same. 

Q.  That  is  not  my  question.  Would  the  means  then 
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employed  for  regulating  tlie  closing  of  the  valve  be  sub¬ 
stantially  alike  or  substantially  different  from  Sickels’  ? 

A.  I  should  say,  taking  them  all  together,  they  would  be 
different.  The  means  employed  in  regulating  the  weight 
would  be  alike. 

Q.  Would  the  apparatus  for  regulating  the  closing  of  the 
valve,  in  its  construction,  arrangement  and  combination,  be 
substantially  alike  or  substantially  different  from  Sickels’ 
patent. 

A.  I  think  substantially  different ;  but,  as  I  said  before, 
so  far  as  arresting  the  motion  of  the  weight  by  means  of  that 
dash-pot,  they  would  be  alike. 

Q.  Would  it  make  a  substantial  difference  in  the  combi¬ 
nation  of  this  apparatus  for  cutting  off  steam,  to  place  the 
spindle  of  the  puppet- valve  horizontal  instead  of  vertical  ? 

A.  I  think  it  would  be  inoperative. 

Q.  Are  puppet-valves  always  used  with  the  stem  in  a 
vertical  position  ?  Have  you  not  known  them  used  at  an 
angle  of  45  degrees  ? 

A.  Hot  as  steam- valves. 

Q.  Had  you  ever  been  on  board  the  steamer  Missouri 
before  it  was  destroyed  by  fire  ? 

A.  Ho. 


Q.  You  do  not  know  how  puppet-valves  were  used  on 
board  that  frigate  ? 

A.  I  do  not.  I  heard  it  alluded  to  in  the  direct  examina¬ 
tion,  that  they  were  set  at  right  angles  with  the  line  of  the 
cylinder. 

Q.  Li  your  judgment,  would  that  valve  fail  to  operate  if 
it  were  placed  in  that  position  ? 

A.  I  do  not  know  that;  I  do  not  think  it  would  operate  in 
a  horizontal  position. 

Q.  For  what  reason? 

A.  Because  the  valve  would  ride  upon  its  side  altogether, 
with  its  whole  weight,  and  you  would  liave  to  use  some  ex¬ 
traneous  weight  to  close  it. 

Q.  How,  on  the  assumption  that  it  would  work  in  that 
position,  would  it  not  require  a  weight  to  be  added  to  it,  to 
close  it  ? 

A.  Yes,  some  extraneous  force. 

Q.  Then,  having  to  close  that  valve  by  means  of  a  weight, 
would  you  not  do  it  by  connecting  the  stem  with  a  rock- 
shaft,  having  an  arm  with  a  weight  suspended  to  it  ? 

A.  That  would  be  one  way. 

Q.  Then,  sir,  if  that  weight  within  the  dash-pot  should 
strike  upon  the  plate  of  the  engine,  as  you  can  imagine  this 
small  weight  here  to  fall,  from  a  height  of  four,  five  or  six 
inches,  upon  this  solid  iron  plate,  would  it  not  injure  the 
valve,  and  make  it  slam  upon  its  seat  ? 
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A.  If  the  weight  struck  that,  it  would  not  hurt  the  valve, 
because  it  would  jiot  let  the  valve  shut. 

Q.  Would  it  not  injure  the  valve,  even  assuming  that  it 
did  not  shut  ? 

A.  I  do  not  see  how  it  could. 

Q.  Would  not  the  jar  be  felt  through  every  particle  of 
matter  composing  the  connections  ? 

A.  It  would  depend  upon  the  character  of  the  connec¬ 
tions. 

Q.  Assuming  the  connections  to  be  as  they  are  here,  in 
the  defendants’  apparatus  ? 

A.  It  might  be  felt  to  a  small  extent  by  the  valve,  but 
not  much.  As  I  understand  your  question,  it  would  pro¬ 
bably  transmit  a  very  small  amount  of  jar. 

Q.  As  a  practical  engineer,  do  you  believe  that  the  valve 
would  resist  those  shocks  for  one  week? 

A.  As  I  understand  your  proposition — that  the  weight 
strikes  upon  the  bed,  I  think  it  would,  so  far  as  that  is  con¬ 
cerned  ;  but  I  do  not  tliink  the  whole  arrangement  would 
be  good  for  anything. 

Q.  I  am  speaking  only  of  the  jar  upon  the  valve — merely 
the  shock  transmitted  to  the  valve  through  the  particles  of 
matter  constituting  the  connection — would  the  jar  occur  if 
the  weight  were  to  fall  on  water  ? 

A.  It  would  fall  without  injury,  if  it  fell  on  water  and 
did  not  strike  its  seat. 

Q.  If  you  apply  the  dash-pot  to  that,  in  that  connection, 
would  not  then  the  dash-pot  regulate  the  closing  of  that 
valve,  as  the  weight  descends,  and  prevent  the  slamming 
of  the  valve  ? 

A.  It  would,  to  the  extent  that  it  would  check  it  at  the 
last  part  of  its  motion. 

Q.  Would  it  not,  in  that  connection,  regulate  the  closing 
of  the  valve,  and  prevent  the  slam  of  the  valve  as  etfectu- 
ally  as  it  does  in  this  direct  connection?  I  suppose  the 
dash-pot  to  be  substituted  for  the  solid  plate  on  which  the 
weight  is  to  fall. 

A.  I  assume  the  same  premises ;  but,  if  the  weight  im¬ 
pinges  upon  the  solid  bed,  and  the  valve  does  not  come  to 
its  seat,  it  will  not  slam ;  the  weight  will  receive  the  shock, 
and  not  the  valve. 

Q.  I  suppose  that  plate  of  metal  to  be  taken  away,  and 
tlie  dash-pot  as  described  in  Sickels’  patent  to  be  substi¬ 
tuted,  so  that  the  valve  can  come  to  its  seat.  I  wanf  to 
know  whether  the  dash-pot,  in  that  connection,  would  not 
as  effectually  regulate  the  closing  of  the  valve,  and  prevent 
its  slamming,  as  in  the  case  of  a  direct  connection  as  repre¬ 
sented  in  the  black  model  ? 
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A.  I  think  it  would  prevent  the  slamming  and  regulate  681 
the  closing,  provided  the  connection  was  rigid. 

Q.  What  are  the  proportions  of  the  engine  used  by  the 
defendants,  Youngs  &  Cutter  ?  About  what  is  the  size  of 
the  cylinder? 

A.  Apparently  about  12  inches  in  diameter. 

Q.  What  stroke  ? 

A.  Forty-two  inches. 

Q.  Do  you  remember  about  what  range  of  pressure  they 
work  steam  ? 

A.  We  examined  it,  and  I  think  it  was  from  40  to  70 
pounds  ;  it  is  a  small  boiler,  and  fluctuates  a  good  deal. 

Q.  About  what  number  of  horse-power  does  it  work  ? 

A.  That  depends  a  great  deal  upon  the  maker  ;  I  do  not 
know  how  they  would  rate  it ;  engines  of  three  feet  stroke 
we  rate  at  30  horse-power ;  that  at  Young's  &  Cutter's 
would,  I  suppose,  work  35  ;  an  engine  working  without  a 
throttle-valve  rates  .considerably  higher  than  those  made 
with  a  throttle-valve. 

Q.  In  the  arrangement  I  suggested  sometime  ago,  of  a 
puppet-valve  on  a  horizontal  stem,  worked  by  a  weight  in  ^33 
coimection  with  a  dash-pot  below  the  weight,  would  that 
arrangement  be  substantially  diflerent,  as  a  mechanical 
combination,  from  that  described  in  Sickels’  patent  ? 

A.  I  think  it  would  be  covered  by  the  invention  as 
described  in  the  patent ;  I  wish  to  add,  in  connection  with 
that,  the  supposition  that,  by  the  pressure  of  the  weight, 
the  valve  Anally  comes  to  its  seat,  and  is  not  arrested  by 
anything  else. 

Q.  The  question  pre-supposes  the  plate  to  be  removed, 
and  the  dash-pot  to  be  substituted  ?  ' 

A.  In  the  first  part  of  the  proposition  it  does  not. 

Q.  IS^ow,  sir,  I  understand  you  to  state  that  the  placing 
of  Sickels’  dash-pot  under  this  weight,  to  check  its  descent, 
and  prevent  the  weight  from  slamming  on  the  plate,  when 
employed  in  connection  with  the  defendants’  arrangement, 
would  not  be  substantially  The  same  as  Sickels’? 

A.  I  think  not. 

Q.  Would  it  not  efiectually  regulate  the  closing  of  the 
valves  in  the  defendants’  ? 

A.  I  think  it  would  substantially  as  well.  ggg 

Q.  Would  it  not  effectually  prevent  that  weight  from 
slamming  on  the  frame  or  plate  of  the  engine  ? 

A.  It  would  bring  it  down  graduallv. 

Q.  Would  it  not  perform  all  these  olfices  as  effectually  as 
the  defendants’  air  dash-pot  ? 

A.  So  far  as  the  closing  of  the  weight  is  concerned,  I 
think  it  would. 
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686  Q.  So  far  as  preventing  a  jar  upon  any  part  of  the 
machine  ? 

A.  Yes. 

Q.  Now,  sir,  I  understood  you  to  state  that  the  adjustable 
cup  was  necessary  to  the  proper  working  of  Sickels’  dash- 
pot,  in  connection  with  the  puppet-valve  ? 

A.  I  think  so. 

I  Q.  Have  you  never  seen  the  water  dash-pot  used  in  con¬ 
nection  with  the  puppet-valve,  without  the  adjustable  cup  ? 

68Y  A.  I  think  I  have. 

Q.  Did  it  not  work  as  well  as  with  the  adjustable  cup  ? 

A.  I  do  not  know  but  that  it  would,  making  the  adjust¬ 
ment  some  other  way  ;  but  you  must  have  a  means  of  ad¬ 
justing  it. 

Q.  Where  would  you  put  the  adjustment,  if  you  did  not 
have  an  adjustable  cup  ? 

A.  You  can  adjust  it  on  the  valve-stem  if  you  choose, 
and  that  is  done  sometimes,  I  believe ;  or  in  some  other 
connection  of  the  valve-stem  with  the  plunder  that  works 

688  in  it. 

Q.  Is  there  any  necessity  for  varying  this  adjustment, 
when  shifting  the  cut-off,  in  any  portion  of  the  stroke  ? 

A.  If  the  position  is  altered  to  any  extent,  I  think  there 
would  be,  but  that  is  to  make  it  work  noiselessly. 

Q.  If  you  cut  off  at  three-quarters  stroke,  will  the  valve 
fall  from  a  greater  height  than  if  you  cut  off  at  a  quarter 
^  stroke  ? 

A.  Yes  ;  it  is  considerably  higher  than  at  the  quarter. 

689  How  much  higher  ? 

A.  The  difference  in  movement — twice  the  time  of 
closing  the  valve,  if  you  can  estimate  it ;  that  is,  from  the 
time  it  drops  until  it  gets  to  its  seat. 

Q.  How,  sir,  when  you  cut  off  at  three-quarters  stroke, 
does  not  the  lifter  of  the  valve  come  back  again  to  a  position 
about  the  same  as  the  position  which  it  reaches  in  rising  at 
a  quarter  of  the  stroke  ? 

A.  The  lifter  so  hooks  the  rod  by  it  as  to  trip  before  that, 

690  in  order  to  enable  the  valve  to  go  down  ;  you  have  to  take 
the  time  of  falling  into  account,  also. 

Q.  I  want  to  know  this  ;  we  want  to  cut  off  at  a  quarter 
stroke  of  the  piston,  at  one  time  ;  at  the  next  time  we  want 
to  cut  off  at  three-quarters  of  the  stroke ;  and  I  want  to 
know  whether  there  is  any  material  difference  in  the  height 
from  which  the  valve  will  have  to  be  tripped  and  fall,  in 
cutting  off  at  each  of  these  two  positions — any  material 
difference  ? 

A.  I  cannot  tell ;  there  would  be  just  the  difference  I 
have  mentioned. 
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Q.  Would  not  that  be  an  exceedingly  small  difference  ?  691 

A.  Yes. 

Q.  Would  it  have  to  fall  as  high  as  if  cutting  off  at  one- 
third  stroke  ? 

A.  About  that  I  should  think — one-third  from  the  latter 
end  would  be  a  little  further  than  one-fourth  from  the  first 
end. 

Q.  It  would  not  be  three  times  as  much  ? 

A.  Ho,  but  I  think  it  would  approximate  to  twice  as 
high. 

Q.  Is  not  the  greatest  height  from  which  the  valve  is  to  692 
fall,  when  it  is  cutting  off  at  half-stroke  ? 

A.  Yes. 

Q.  Then,  if  the  dash-pot  is  so  adjusted  that  it  will  properly 
check  and  prevent  the  slamming  of  the  valve  when  varying 
through  the  range  of  the  half-stroke,  will  it  not  be  properly 
adjusted  for  a  cut-off  at  any  range  beyond  the  half-stroke? 

A.  I  do  not  understand. 

Q.  You  state  that  the  greatest  height  that  the  valve  has 
to  fall  is  when  cutting  off  at  half-stroke  ? 

A.  Yes.  693 

Q.  How,  then,  if  the  dash-pot  is  so  adjusted  as  to  pro¬ 
perly  check  the  valve  when  cutting  off  at  any  range  within 
the  half-stroke,  will  it  not  answer  the  purpose  of  checking 
the  valve  when  cutting  off  beyond  half-stroke  ? 

A.  I  think  it  would,  if  it  were  fully  under  this  con-  , 
dition. 

Q.  Would  it  not  answer  for  cutting  off  at  half-stroke  ? 

A.  Yes. 

Q.  In  working  the  arrangement  of  Sickels  with  puppet-  694 
valves,  have  you  ever  known  an  adjustment  either  of  the 
cup  or  of  the  plunger  for  any  variation  in  the  cut-off? 

A.  I  have  never  known  it,  or  known  of  the  cut-off  being 
changed.  The  nearest  that  I  have  seen  was  on  an  engine 
which  worked  upon  an  arrangement  something  like  that 
(full  sized  working  parts  of  De  Laine  engine).  I  found 
when  the  engine  was  cutting  off  short  that  it  made  the 
valves  pound  very  much. 

Q.  That  cut-off  was  not  adjusted  when  you  were  there  ? 

A.  It  was  continually  shifting,  because  it  was  combined 
with  a  regulator. 

Q.  The  dash-pot  combined  with  a  regulator  ? 

A.  Ho,  the  valve-gear. 

Q.  If  it  slammed  when  it  cut  off  very  short,  then  did 
you  not  infer  that  it  was  not  properly  adjusted  ? 

A.  Yes. 

Q.  What  is  the  extent  of  height  to  which  the  puppet- 
valve  is  lifted  in  Sickels’  arrangement  ? 
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A.  I  do  not  know  any  particular  limit.  The  usual  rate 
is  one-third  of  its  diameter. 

Q.  What  was  the  greatest  height  of  the  engine  you  speak 
of  as  slamming  ? 

A.  When  I  saw  it,  it  did  not  raise  over  half  an  inch.  It 
was  cutting  off  short. 

Q.  In  the  engine  to  which  this  belongs  (full  sized  part  of 
De  Laine  engine)  what  was  about  the  height  at  which  the 
plunger  fell — its  ultimate  height  ? 

A.  About  three  inches. 

Q.  l^ow,  sir,  in  the  defendants’  engine,  does  not  the 
weight  fall  from  as  great  a  height  as  the  valve  in  Sickels’  ? 

A.  There  does  not  seem  to  be  any  definite  height  for 
that  in  Sickels’  arrangement;  because  that  arrangement 
does  not  extend  so  far. 

Q.  Taking  the  defendants’  engine,  which  appears  to  be 
a  small  one,  I  will  ask  you  from  what  height  the  weight 
falls  when  cutting  off  at  the  greatest  length  ? 

A.  About  two  inches. 

Q.  Do  you  not  know  that  it  is  beyond  three  inches  ? 

A.  I  know  it  is  not  beyond  three  inches ;  I  would  say  it 
was  not  up  to  2J  inches. 

Q.  Did  you  ever  measure  it  ? 

A.  I  looked  at  it  with  my  eye. 

Q.  What  was  the  height  the  weight  fell  when  cutting  off 
at  the  long  portion  of  its  stroke  ? 

A.  Not  over  two  inches. 

Q.  Did  you  see  that  engine  working  up  to  the  limit  of 
the  cut-off? 

A.  I  saw  it  rise  and  fall  without  cutting  off,  and  that 
would  carry  it  to  the  maximum  movement. 

Q.  When  you  are  cutting  off  short,  the  weight  does  not 
fall  from  so  great  a  height  as  when  you  are  cutting  off 
long  ? 

A.  No.  ^ 

Q.  Now,  is  there  not  about  the  same  variation  in  that 
as  in  the  descent  of  the  valve  in  Sickels’  ? 

A.  Yes. 

Q.  Now,  then,  if  it  is  necessary  to  adjust  either  the  cup 
or  the  plunger  to  the  cup  in  Sickels’  arrangement,  to  pre¬ 
vent  the  valve  from  slamming  when  cutting  off  long — 
when  shifting  from  a  long  to  a  short  cut  off — is  there  not 
precisely  the  same  necessity  for  adjusting  the  connections 
of  that  weight  in  the  defendants’,  when  it  is  made  to  shift 
from  a  short  to  a  long  cut-off? 

A.  No ;  because  there  is  nothing  for  it  to  bring  up 
against.  It  comes  against  no  fixed  object  like  the  seat  of 
the  valve.  There  is  no  slam  to  it ;  and  whether  it  goes  a 
little  farther,  or  not  quite  so  far,  is  a  matter  of  no  conse- 
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quence,  provided  it  leaves  tlie  rocker  where  the  hook  will  701 
catch  it. 

Q.  On  the  defendants’  engine  is  there  not  a  screw  con¬ 
nection  like  this  for  adjustment  ? 

A.  All  the  connections  or  rod-heads  are  made  in  the 
same  way. 

Q.  Ton  have  the  means  here  of  adiustment,  if  you 
choose  ? 

A.  Yes. 

Q.  I70W,  sir,  when  ^mn  put  the  engine  together,  if  you 
find  the  weight  is  not  in  a  proper  position  with  reference  702 
to  the  arm  or  the  valve,  cannot  they  shift  this  so  as  to  fix 
that  position  properly? 

A.  Yes,  adjust  it  to  the  hook. 

Q.  It  is  an  adjustment  like  this  ? 

A.  Y^es. 

Q.  Is  not  that  adjustment  equivalent  to  the  adjustment 
of  the  cup  in  the  dash-pot  ? 

A.  Yes,  if  I  understand  your  question  as  an  adjustment 
of  the  weight. 

Q.  Have  you  any 
A.  Ho. 

Q.  Did  I  understand  you  to  say  the  other  day,  that  Sick- 
els’  dash-pot,  as  described  in  the  patent,  if  properly  propor¬ 
tioned,  would  not  work  with  air  ? 

A.  I  do  not  think  it  would,  that  is,  in  connection  with 
puppet-valves. 

Q.  Have  you  ever  seen  it  tried  ? 

A.  I  never  have. 

Q.  How,  I  will  turn  your  attention  to  the  dash-pot,  as 
separated  from  the  valve.  Li  Sickels’  arrangement,  I  under-  7Q4 
stood  you  to  state  that  the  plunger  is  free  to  descend  until 
it  goes  down  to  the  secondary  cup  or  reservoir  ? 

A.  It  is  so  described. 

Q.  And  water  flowing  all  around  the  plunger  until  it 
gets  to  the  contraction  ? 

A.  Yes. 

Q.  How  I  will  ask  you  whether,  in  the  defendants’  the 
plunger  does  not  descend  freely  until  it  gets  by  the  hole  in 
the  side  of  the  cylinder,  through  which  the  air  escapes  with 
comparative  freedom  ?  705 

A.  Y^ou  can  regulate  the  descent  by  a  screw. 

Q.  Will  it  not  descend  as  freely  as  the  plunger  in  Sickels’  ? 

A.  Hot  quite,  because  it  sometimes  is  adjusted  to  retard 
the  descent  a  little  ;  the  pressure  of  the  air  inside,  escaping 
from  the  hole,  retards  it  a  little ;  it  does  not  fall  like  a 
weight  in  free  air. 

Q.  Does  it  not,  in  Sickels’,  have  to  remove  water  from 
under  it  ? 


doubt  as  to  understanding  it  ?  703 
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A.  I  do  not  know  bnt  that  one  would  be  the  same  as  the 
other. 

Q.  Is  it  not  in  both  the  object  to  permit  the  falling  body 
to  descend  freely  until  towards  the  end  of  the  downward 
motion  ? 

A.  Comparatively  so. 

Q.  Is  there  any  object  in  having  it  to  fall  less  freely  in 
one  than  in  the  other  ? 

A.  I  think  there  is  a  little,  which  is  due  to  the  difference 

707  in  the  closing  of  the  two  kinds  of  valves ;  the  one  can  go 
past  its  port  and  close  rapidly,  and  the  other  cannot. 

Q.  Until  it  comes  to  the  checking  part,  is  not  the  object 
the  same  in  both,  to  descend  freely  ? 

A.  The  check  part,  in  the  defendants’,  does  not  come  un¬ 
til  after  the  port  is  closed. 

Q.  I  am  speaking  before  the  checking  takes  place  in 
each  of  them,  I  am  not  speaking  about  the  valves  at  all  ? 

A.  Comparatively. 

Q.  In  both,  is  not  the  descent  checked  by  closing  an  aper- 

708  ture  through  which  the  fluid  passes  ? 

A.  Yes,  substantially. 

Q.  And  is  not  the  checking  in  both  due  to  the  fact  that 
towards  the  end  of  the  downward  motion  the  plunger  gradu¬ 
ally  closes  up  an  aperture  through  which  the  fluid  before 
passed  freely  ? 

A.  It  is  due  to  the  fact  that  it  closes  it ;  its  gradual 
closing  has  not  much  to  do  with  it ;  when  air  is  employed 
it  has  nothing  to  do  with  it. 

709  Q.  You  cannot  close  the  aperture  suddenly,  can  you? 

A.  Uo,  but  practically  in  no  time. 

Q.  Cannot  this  be  altered  readily  to  work  in  water  as 
well  as  in  air — this  arrangement  of  the  defendants  ? 

A.  Yes,  I  suppose  it  can  ;  if  you  put  it  in  a  bucket  of 
water  it  would  work,  but  it  would  require  to  change  the 
diameter  of  the  oriflce  considerably. 

Q.  By  making  the  aperture  large,  in  proportion  to  the 
density  of  the  two  fluids,  would  it  not  work  ? 

A.  I  believe  it  would,  though  the  effect  would  be  to  ar- 

710  rest  the  weight  with  water,  rather  more  suddenly  than  with 
air,  because  there  would  be  no  elasticity  practically  with 
water. 

Q.  In  substance  it  would  work  the  same,  would  it  not  ? 

A.  I  think  it  would. 

Q.  Uow  in  this  apparatus  of  the  defendants,  is  there  not 
a  valve  in  the  bottom  of  the  cylinder  ? 

A.  There  is. 

Q.  Is  it  not  the  object  of  that  valve  to  let  in  air  freely, 
while  the  plunger  rises  and  before  it  passes  the  side  aper¬ 
ture  which  was  closed  by  the  descent  of  the  weight  ? 
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A.  It  is. 

Q.  In  Sickels’  patent,  do  yon  not  find  a  valve  in  the 
plunger  for  the  same  pui*pose  ? 

A.  For  a  similar  pui’pose. 

Q.  Is  not  the  substitution  of  one  for  the  other  equiva¬ 
lent  ? 

A.  ]Mo,  I  do  not  think,  taken  as  a  combination,  that 
the  purpose  of  one  is  equivalent  to  the  pmq^ose  of  the  other. 

Q.  Is  is  not  Tvell  known  among  pump-makers  that  where 
you  want  a  valve  to  move  in  a  cylinder,  you  can  either  put 
the  valve  in  the  plunger  or  in  the  cylinder  itself?  712 

A.  I  do  not  know ;  I  am  not  a  pump-maker. 

Q.  Do  you  not  know,  as  a  mechanician,  that  where  the 
object  is  to  allow  an  entrance  of  fluid  into  a  cylinder,  be¬ 
tween  the  bottom  of  the  cylinder  and  the  bottom  of  the 
piston  or  plunger,  that  you  may  put  a  relief  valve  in  the 
cylinder  or  plimger  ? 

A.  Tes. 

Q.  Does  it  require  invention  to  pass  from  one  to  the 
other  ? 

A.  I  should  not  think  it  would.  713 

Q.  I  undei'stood  you  to  state  that  in  the  defendants’  en¬ 
gine,  at  the  time  the  valve  was  first  checked,  the  plunger 
was  within  about  half  an  inch  of  its  downward  motion  ? 

A.  Half  an  inch  of  the  top  of  the  hole  ;  it  was  about  an 
inch  or  an  inch 'and  a  quarter  from  the  lowest  limit  of  its 
motion. 

Q.  After  it  has  been  checked  ? 

A.  IIo  ;  after  the  valve  is  closed,  the  weight  passes  from 
an  inch  to  an  inch  and  a  quarter. 

Q.  But,  until  it  passes  the  hole,  tlie  descent  is  not  ma- 
teriallv  checked  ?  714 

A.  dSo;  I  should  think  not  much. 

Q.  I  would  ask  you,  as  a  practical  engineer,  whether  the 
fall  of  two  weights  of  that  magnitude,  when  in  solid  con¬ 
nection,  by  means  of  such  a  rod  as  this,  with  a  valve-gear, 
twice  in  every  sti’oke  of  the  eno:ine,  from  a  heio:ht  varvins: 
from  two  to  three  inches,  falling  upon  the  sond  part  of  the 
engine,  would  make  a  practical  working  engine. 

A.  I  do  not  think  it  would  be  a  good  engme. 

Q.  Would  it  be  a  practical  engine  ? 

A.  Ho  ;  they  would  not  be  likely  to  work  an  engine  with  715 
such  a  noise  as  that. 

Q.  W ould  not  the  j  ar  consequent  upon  the  striking  of  such 
weights,  in  that  rapid  descent,  destroy  tlie  working  parts  of 
the  valve,  and  its  connections  ? 

A.  I  do  not  think  it  would  aftect  them  any  ;  the  injury 
would  be  upon  the  weight  itself,  and  upon  its  own  rod.  I 
do  not  think  much,  even,  would  be  transmitted  to  the  rock- 
19 
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7i(>  shaft,  and  I  do  not  think  the  valve  wonld  he  affected  prac¬ 
tically. 

■  Q.  Wonld  it  not  produce  a  chatter  of  the  surface  of  the 
valve  upon  its  seat  ? 

A.  I  do  not  think  it  would. 

Q.  Have  you  ever  tried  that  experiment  ? 

A.  I  have  not,  hut  I  have  heard  of  people  who  have. 

Q.  Would  not  that  he  injurious  to  the  working  of  the 
engine  ? 

A.  Yes ;  so  far  as  to  allow  the  valve  to  cant  at  all. 

717  Q.  Is  it  not  an  object  in  the  construction  of  all  steam 
engines  to  avoid  in  every  practicable  manner  'jars  in  any 
part  of  the  engine  ? 

A.  It  is ;  in  steam-engines  or  any  other  machinery. 

Q.  Is  it  not  for  that  very  reason  that  cams  have  ceased 
to  he  used  for  the  purpose  of  cutting  off  steam  ? 

A.  Ho ;  I  do  not  think  it  is.  It  is  because  we  have  got 
a  better  device  for  doing  it. 

Q.  Was  it  not  universally  admitted  to  be  a  practical  de¬ 
fect  in  steam-engines  that  the  use  of  cams  produced  ajar  in 

718  the  valve  ? 

A.  I  am  not  aware  of  that ;  cams  would  necessarily  pro¬ 
duce  great  complexity  in  an  engine. 

i)o  you  not  know  that  you  can  make  a  cut-off*  valve 
working  by  a  cam  with  more  simplicity  in  the  connection 
than  by  any  other  known  mode  ? 

A.  STo,  I  do  not. 

Q.  What  is  the  purpose  of  that  screw  in  the  dash-pot  of 
the  defendants’  ? 

A.  By  stopping  up  the  hole,  to  let  the  air  escape  around 

719  the  weight  only.  You  want  to  check  the  weight  a  little,  so 
that  it  should  not  fall  so  rapidly  as  in  a  free  space  ;  and  it 
is  a  kind  of  correction  for  ^bad  workmanship. 

Q.  In  other  words,  has  it  any  other  use  in  the  world,  but 
ause  to  the  eye  ? 

A.  Yes,  it  has  ;  in  case  the  plunger  is  fitted  too  loose,  you 
get  a  better  movement  of  the  part  by  closing  the  hole  up  a 
little. 

Q.  Do  you  know  if  that  is  used  for  the  purpose  of  check¬ 
ing  the  valve  during  the  working  of  an  engine  ? 

A.  I  have  seen  it  used  for  that  purpose.  It  is  on  the  de¬ 
fendants’  machine,  or  was  when  the  original  dash-pot  was 
it. 

Q.  Do  you  know  whether  Youngs  &  Cutter  ever  use 
it? 

A.  That  is  the  engine  I  refer  to. 

Q.  After  an  engine  has  been  put  up  and  is  working,  is 
that  screw  ever  used  ? 

A.  Ho. 
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Q.  I  will  recall  your  attention  to  the  cut-ofF  motion. 
Would  it  destroy  the  identity  of  Sickels’  combination  for 
tripping  the  valve,  to  substitute  on  this  valve-stem  for  the 
puppet- valve,  a  straight  sliding  valve  ? 

A. '  I  think  that  if  you  could  put  a  slide-valve  that  would 
work  with  that  valve-gear,  the  first  part  of  the  invention 
would  remain  substantially  the  same. 

Q.  Would  it  make  any  change  in  the  second  part  of  the 
invention — the  dash-pot  arrangement? 

A.  I  think  it  would. 

.  Q.  I  want  you  to  answer  my  question  in  reference  to  the 
tripping  apparatus  ? 

A.  I  think  you  could  put  a  plain  slide-valve  in  there, 
that  would  work  with  the  same  valve-gear. 

Q.  Taking  this  piece  of  mechanism  here,  without  any  re¬ 
ference  to  the  description  of  the  patent,  would  the  substitu¬ 
tion  of  a  slide-valve  for  a  puppet-valve  on  this  stem,  make 
any  material  change  in  the  dash-pot  ? 

A.  It  would  in  its  operation — in  its  construction  it  would 
not  affect  it. 

Q.  What  alteration  would  it  make  in  its  construction  ? 

A.  It  would  not  make  any. 

Q.  What  alteration  would  it  make  in  its  working  ? 

A.  There  would  be  no  longer  a  combination  of  that  ad¬ 
justable — 

Q.  ^ow,  sir,  you  are  going  back  to  the  specification ;  I 
am  speaking  with  reference  to  this  model  here,  as  embody¬ 
ing  this  mechanism  ;  when  you  have  substituted  the  sliding 
valve  on  this  stem  for  puppet-valves,  what  material  change 
would  it  make  in  the  operation  of  the  dash-pot  ? 

A.  It  will  no  longer  prevent  the  valve  from  slamming. 

Q.  That  is  all  ? 

A.  Yes. 

Q.  Kow,  sir,  when  the  valve  is  set  in  motion  in  one  di¬ 
rection,  naust  it  not  be  stopped  by  something  ? 

A.  It  would  be  stopped  by  some  force — you  would  have 
to  interpose  something. 

Q.  Would  not  that  something,  when  struck  by  the  valve, 
or  by  the  connections  of  the  valve,  produce  a  slam  ? 

A.  It  would  be  likely  to  make  some  concussion. 

Q.  Would  not  that  slam  be  injurious  to  the  working  of 
the  apparatus  ? 

A.  Probably  it  would. 

Q.  Is  this  dash-pot  for  any  other  purpose  than  simply  to 
prevent  that  jar  or  slam,  wherever  it  takes  place? 

A.  The  purpose  is  to  act  in  combination  with  a  particular 
kind  of  valve  having  a  particular  kind  of  engine,  and  made 
to  act  in  combination  with  it,  and  provided  with  properties 
which  will  enable  it  to  do  so. 
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Q.  Then  yonr  construction  of  this  whole  matter  is,  that 
if  you  take  away  from  this  entire  apparatus  the  puppet- 
valve,  and  substitute  any  other  kind  of  valve,  the  purposes 
of  the  invention  are  entirely  changed  ? 

A.  The  purpose  of  the  last  is  entirely  changed  ;  but  the 
first  part  will  remain  entirely  the  same. 

Q.  Would  it  be  a  substantially  diflPerent  piece  of  mechan¬ 
ism  because  the  purpose  was  changed  ? 

A.  Taking  the  dash-pot  by  itself,  the  mechanism  would 
remain  the  same  ;  but  in  its  combination  with  the  valves, 
its  action  would  be  different. 

Q.  Would  it  not  arrest  the  valve  ? 

A  Yes. 

Q.  Would  it  not  prevent  the  slamming  of  the  parts? 

A.  Yes,  if  properly  adjusted. 

Q.  If  the  valve  is  closed  by  the  force  of  a  falling  weight, 
would  there  not  be  a  concussion  in  stopping  it,  unless  you 
interposed  something  to  prevent  that  concussion  ? 

I  A.  Probably. 

I  Q.  In  both  the  defendants’  and  plaintiffs’  arrangement, 
is  not  the  use  of  this  mode  of  checking  simply  to  prevent 
the  injurious  effect  of  that  shock  or  jar  by  the  stopping  of 
the  valve  ? 

A.  They  are  both  for  that  purpose, 
i  Q.  Now,  sir,  is  the  construction  or  operation  of  the  human 
i  legs  entirely  changed  by  the  act  of  swimming,  from  a  state 
\  of  walking  ? 

\  A.  Not  entirely,  but  very  materially,  I  should  think. 

^  Q.  Are  you  engaged  in  constructing  steam-engines  ? 

A.  Yes,  sir. 

Q.  What  kind  of  cut-off  do  you  use  ? 

A.  The  slide-valve  motion,  which  we  get  up  in  a  way 
peculiar  to  our  concern. 

Q.  Is  there  any  demand  in  your  sectioii  of  the  country 
for  the  tripping  valve  cut-off  ? 

A.  Yes,  sir,  they  rank  very  high. 

The  Court  then  adjourned  to  January  3d,  1855,  at  11 
o’clock,  A.  M. 


730  January  3d,  1855,  11  o’clock,  A.  M. 

The  re-direct  examination  of  the  witness,  William  C. 
Hibbard,  was  resumed. 

Q.  Will  you  state  whether  or  not  there  are  many  kinds 
of  valve-gearing  used  in  steam-engines  ? 

A.  There  are  many,  the  character  of  e^ch  depending 
upon  the  general  construction  of  the  engine,  and  the  kind 
of  valve  used. 
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Q.  Are  there  or  not  several  to  the  same  kind  of  valve  ?  T31 

A.  There  are,  in  construction  and  arrangement. 

Q.  Are  they  or  are  they  not  substantially  the  same,  or 
substantially  different,  as  devices  for  the  purpose  of  operat¬ 
ing  the  valve,  or  as  combinations  ? 

A.  As  combinations  for  working  the  valve  they  might 
be,  perhaps,  more  or  less  similar ;  and  they  may  be,  as  sim¬ 
ple  combinations,  different ;  of  00111*80,  I  must  answer  the 
question  generally. 

Q.  W as  there  or  not  some  kind  of  valve-gear  known  at 
the  date  of  Sickels’  patent,  in  which  the  valve-gear  which  732 
opened  the  valve  did  not  also  control  its  closing  ? 

A.  There  was. 

(M7\  Keller  objected  to  this  question,  but  the  Court  over¬ 
ruled  the  objection.) 

Q.  TVere  you  acquainted  with  such  kinds  of  valve-gearing 
at  that  time  ? 

A.  I  cannot  remember  whether  I  was  at  that  time  or 
not ;  my  knowledge  is  derived  from  descriptions  in  books, 
and  fi*om  the  testimonv  that  I  have  heard  2:iven  in  rela- 
tion  to  that  subject.  73Z 

{Mr.  Keller  objected  to  the  witness  stating  anything  that 
he  had  heard.) 

Q.  Were  such  kinds  of  valve-gearing  described  in  the 
books  previous  to  that  ? 

A.  There  is  one  description,  which  is  published  in  the 
books. 

Q.  In  this  machine  of  the  defendants’,  it'  the  stem  was  ar¬ 
ranged  below  the  exhaust-valve,  so  that  the  hook  would 
rest  upon  the  arm  of  the  rocker-shaft,  would  there  be  any 
necessity  for  a  spring  to  effect  the  connection  \  ^ 

A.  There  would  not ;  it  would  engage  without  one. 

Q.  In  that  case,  would  or  not  a  spring  be  enthely  dis¬ 
pensed  with  ? 

A.  It  would. 

Q.  Would  there  or  not,  in  that  case,  be  any  equivalent 
for  a  spring  in  that  engine  ? 

A.  I  am  inclined  to  think  that  there  would  not  be — that 
the  power  of  nature  cannot  be  held  to  be  a  mechanical 
equivalent  for  a  device  constracted  by  man.  ‘ 

Q.  In  the  plaintiffs’  model,  as  exhibited  and  described 
in  the  patent,  can  you  place  it  in  any  position  in  which  the 
connection  will  be  effected  bv  the  force  of  £:ravitv  ? 

A.  Xo,  I  think  not. 

Q.  Was  there  any  connection  effected  between  the 
governor  and  the  cut-off*  valves,  which  was  practically  suc¬ 
cessful,  previous  to  that  used  by  Mr.  Corliss,  to  your 
knowledge  ? 
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Y36  A.  I  do  not  know  whether  there  was  or  not ;  as  I  testi* 
tied  yesterday,  there  are  several  arrangements  described) 
hut  how  efficient  they  were  I  do  not  know  ;  some  of  them 
I  know  are  not ;  some  I  believe  are  not,  from  experiments 
I  made  in  the  same  line  myself. 

Q.  Have  you  ever  known  any  to  be  in  successful  use  ? 

A.  I  never  have. 

Q.  Do  you  know  when  the  check-ring,  which  has  been 
alluded  to,  was  first  introduced  ? 

A.  I  do  not. 

Q.  Do  you  find  it  described  in  Sickels’  patent  ? 

Y3Y  A.  I  do  not. 

Q.  Do  you  know  of  any  valve-gearing  used  before  that 
of  Mr.  Corliss,  in  which  the  motion  of  the  connecting-rod 
which  opens  the  valve — the  lateral  motion — was  used  for 
the  purpose  of  detaching  the  valve  ? 

A.  I  do  not. 

Q.  Is  that,  so  far  as  your  knowledge  is  concerned,  a  new 
thing  in  that  machine  ? 

A.  It  is,  so  far  as  I  know. 

788  On  being  further  cross-examined^  the  witness,  William 
C.  Hibbaud,  testified  as  follows  : 


Q.  You  have  testified  that  the  power  of  nature  cannot  be 
an  equivalent  for  a  mechanical  device  ? 

A.  Yes,  exactly  so ;  I  think  it  cannot  be  considered  a 
mechanical  equivalent,  as  part  of  a  combination  ;  it  may  be 
equivalent  in  effect. 

Q.  Is  a  weight  a  natural  law  ? 

A.  It  is  another  term  for  gravity. 

739  Q-  Is  not  gravity,  as  a  law  of  nature,  exerted  upon  the 
body  which  we  call  a  weight  ? 

A.  It  is. 

Q.  Is  not  the  tensile  force  of  a  spring  an  instance  in 
which  the  natural  law  of  the  elasticity  of  matter  is  de¬ 
veloped  ? 

A.  Yes  ;  it  developes  the  law  of  elasticity. 

Q.  Then,  sir,  when  you  substitute  a  weight  for  a  spring, 
do  you  not  substitute  one  mechanical  instrument  for  another 

740  mechanical  instrument — the  one  operating  by  one  law  of 
nature,  and  the  other  operating  by  a  different  law  of  nature  % 

A.  You  may  sometimes  do  that. 

Q.  Do  you  not  in  this  instance  ? 

A.  I  think  not ;  it  is  a  nice  question ;  I  am  inclined  to 
think  you  do  not. 

Q.  If  you  lay  the  plaintiffs’  apparatus  with  the  valve- 
spindle  horizontal,  and  you  put  a  weight  so  as  to  make  the 
spring-catch  heavy  enough  to  work  by  gravity,  instead  of 
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working  by  the  tensile  force  of  tlie  spring,  will  it  not  then  741 
operate  as  well  as  by  the  action  of  a  spring  ? 

A.  How  will  you  put  the  w^eight  ? 

Q.  Make  that  spring-catch  a  jointed  lever,  for  instance  ; 
would  it  not  operate  then  by  the  force  of  gravity  ? 

A.  It  would. 

Q.  Would  it  then  not  be  an  equivalent  for  the  spring, 
for  the  purpose  of  engaging  and  disengaging  ? 

A.  It  might,  for  the  pui’pose  barely  of  engaging  and  dis¬ 
engaging. 

Q.  Would  it  not  operate  as  well  as  the  rod  in  the  defen-  742 
dants’,  when  turned  upside  down,  without  the  spring,  for 
the  purpose  of  engaging  and  disengaging  ? 

A.  I  do  not  know  but  it  might. 

Q.  Would  it  not  then  be  working  by  the  force  of 
gravity  ? 

A.  The  latch  would  then  engage  by  the  force  of  gravity. 

Q.  How,  with  regard  to  Watt’s  valve-gear,  described  in 
the  books  to  which  you  have  referred,  was  the  valve-gear 
operated  from  the  eccentric,  and  having  its  regular  motion 
as  it  has  in  the  case  of  opening  and  closing  the  valve  ?  743 

A.  It  was  not  operated  from  the  eccentric. 

Q.  Did  it  have  that  kind  of  motion  which  all  valve-gears 
have  that  work  engines  at  full  stroke — always  in  connection 
with  the  valve-stem  ? 

A.  Ho. 

Q.  Did  it  have  that  motion  backward  and  forward,  and 
liberate  the  valve,  and  then  re-engage  it  ? 

A.  I  do  not  understand  the  question. 

Q.  Did  Watts’  valve-gear  have  a  regular  motion,  such  as 
is  employed  in  the  valve-gears  that  are  now  generally  used  744 
to  open  and  close  the  port  by  a  positive  motion,  and  so 
connected  with  the  valve-stem  as  to  liberate  it  at  any 
portion  of  the  stroke  of  the  engine  desired — the  valve-gear 
continuing  its  motion  and  coming  back  to  re-engage  with 
the  valve-stem  ? 

A.  If  I  understand  the  question,  I  think  it  had  not  all 
those  peculiarities  of  action  which  the  question  supposes. 

Mr.  Jenckes. — Do  or  not  those  valve-stems  engage  or 
disengage  in  that  operation  ? 

A.  They  do. 

Q.  Were  they  or  not  so  constructed  and  operated  as  to 
work  the  steam  expansively  ? 

A.  They  were,  and  could  work  it  expansively  or  not,  as 
desired. 

Mr.  Keller. — Where  is  it  described,  sir  ? 

A.  In  a  good  many  of  the  old  books. 

Q.  Hame  one  ? 
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746  A.  Tredgold. 

Q.  Cannot  yon  give  ns  a  special  reference  to  the  descrip¬ 
tion  ? 

A.  It  is  in  the  text  of  Tredgold, ''hut  I  cannot  remember 
the  page.  I  think  I  can  find  it  if  you  will  give  me  time. 

(The  witness  was  allowed  to  retire  from  the  stand,  with 
an  understanding  that  he  should  find  the  passages  referred 
to,  and  should  then  be  further  examined  in  regard  to  them.) 


The  defendants  then  called  as  a  witness — 

Mertoun  C.  Brycmt^  who,  being  sworn,  testified  as 
follows : 

Q.  Where  do  you  reside  ? 

A.  I  reside  at  Lowell,  Massachusetts. 

Q.  What  is  your  occupation  ? 

A.  For  the  last  ten  years  I  have  been'  employed  as  a 
mechanical  engineer — a  part  of  the  time  in  the  construction 
of  mills  and  their  machinery,  and  a  part  of  the  time  in  the 
construction  and  working  of  gas  works. 

Q.  Have  you  or  not  acquired  a  practical  acquaintance 

748  with  machinery  ? 

A.  I  have. 

Q.  With  steam  engines  ? 

A.  I  have  seen  steam-engines  frequently  at  work,  and 
have  had  occasion  to  take  care  of  the  starting  and  running 
of  one. 

Q.  Have  you  ever  been  examined  as  a  witness  in  the 
trial  of  patent  causes  ? 

A.  I  have,  frequently. 

749  Q.  Have  you  read  the  patent  and  examined  the  specifi¬ 
cation  and  drawings  annexed  to  the  patent  granted  to 
Sickels  in  May,  1842  ? 

A.  I  have,  sir. 

Q.  Do  you  understand  the  description  and  specification 
and  claim  of  that  patent  ? 

A.  I  think  I  do. 

Q.  Have  you  examined  Sickels’  blade  model  ? 

A.  I  have,  sir. 

Q.  Does  that  represent  the  mechanism  described  in  the 

750  specification  ? 

A.  I  think  it  does. 

Q.  Have  you  examined  this  mahogany  model  of  Sickels’ 
apparatus  ? 

A.  I  have,  sir. 

Q.  What  does  that  show  ? 

A.  It  shows  the  apparatus  described  by  the  patent  of  Mr. 
Sickels,  the  same  as  the  other  model.  It  shows  more  fully 
the  construction  of  the  dash-pot. 
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Q.  From  your  acquaintance  with  the  steam-engine,  will  751 
you  state  what  was  the  usual  way  of  operating  the  lifter  and 
the  valve-stem  in  steam-engines,  at  or  about  the  date  of  that 
patent  ? 

A.  I  cannot  say  that  my  practical  experience  is  sufficient 
to  speak  from  my  own  knowledge  what  was  the  usual  way  ; 
hut  I  know  that  an  arrangement  similar  to  this  working 
model,  (Sickels’,)  was  one*  of  the  ways. 

Q.  Do  Amu  know  Avhether  or  not  it  was  the  usual  Avav  of 
working  puppet-valves  ? 

A.  I  never  have  seen  them  Avorked  in  any  other  AvaA'. 

Tlie  method  there  seems  to  have  been  that  the  steam-AmlAms  < 
and  exhaust  AmDes  were  attached  to  the  same  lifting  rod. 

Q.  HaAm  you  seen  the  defendants’  engine  in  operation? 

A.  I  have. 

Q.  HaAm  you  seen  other  engines  constructed  upon  the 
same  plan,  in  operation  ? 

A.  I  have. 

Q.  Do  you  understand  the  construction  and  mode  of 
operation  of  those  engines  ? 

A.  I  think  I  do. 

Q.  Are  they  represented  in  the  model  of  the  defendants'  153 
machine  before  you  ? 

A.  Yery  fully,  I  should  think. 

Q.  Will  you  state,  sir,  whether,  in  your  judgment,  as  a 
mechanical  engineer,  the  construction,  arrangement  or  com¬ 
bination  of  the  apparatus  used  in  the  defendants’  engine,  for 
more  readily  cutting  off  steam,  is  substantially  identical 
Arith  the  construction,  arrangement  or  combination  of  the 
apparatus  used  and  described  by  Sickels  in  his  specifica¬ 
tion,  for  that  purpose  ? 

A.  I  do  not  think  they  are  ;  the  Sickels’  apparatus  seems  lo-f 
to  me  to  have  been  a  combmation  attached  to  the  Avell- 
knoAvn  valve-gear,  Avhere  the  lifting-rod  carried  a  lifter, 
Avhich,  at  that  time,  previous  to  the  adaptation  of  the  appara¬ 
tus,  was  attached  permanently  to  the  valve-stem.  The  ol)- 
ject  and  intent  of  the  arrangement,  so  far  as  detaching  is 
concerned,  seems  to  liaAm  been,  and  the  result  seems  to  be, 
that  the  valve-stem  can  be  detached  from  that  lifter  at  any 
point  of  the  stroke,  from  the  first  to  the  last.  This  arrange¬ 
ment  is  adapted,  from  the  first  to  the  last,  and  the  arrange¬ 
ment  particularly  described,  by  A\ffiich  the  Avedges  can  be  755 
reversed,  is  necessary  for  that  purpose  in  this  combination  : 
because,  in  the  working  of  this  valve-gear,  the  lifter  reaches 
its  upper  extent  of  motion  at  the  time  that  the  piston  is  at 
half-stroke,  and,  during  the  time  that  the  piston  is  making 
the  latter  part  of  the  stroke,  tlie  lifter  is  in  its  doAviiAvard 
descent ;  these  latches  and  inclined  wedges,  by  the  elastici¬ 
ty  of  the  latches  and  the  shape  of  the  Avedges,  enable  those 
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parts  to  be  so  placed  that  tlie  cut-off  can  take  place  either 
during  the  upward  motion  of  the  lifter,  or  during  the  down¬ 
ward  motion  of  the  lifter ;  the  combination  of  aj^paratus 
seems  to  begin  and  end  in  an  adaptation  to  the  lifter,  such 
as  was  well-known  ;  it  belongs  wholly  to  that  description 
of  apparatus  or  valve-gear. 

Q.  How  is  it  in  the  defendants’  machine  ? 

A.  In  the  defendants’  machine  the  valve-gear  is  not  of 
the  same  construction  or  the  same  arrangement,  and  has  not 
the  same  elements. 

Q.  Point  out  upon  the  model  what  you  understand  to  be 
tlie  difference  ? 

A.  You  may  see  that  these  valve-gears  have  both  the 
same  object ;  the  object  of  this  valve-gear  is  to  cut  off  at  a 
determined  and  fixed  point  of  action  or  a  fixed  point  of  the 
stroke  ;  the  Corliss’  valve-gear  is  arranged  generally  so  that 
it  can  l)e  made  to  cut  off  at  a  variable  point  of  the  stroke  ; 
that  seems  to  be  the  foundation  of  the  two  apparatus  ;  and 
the  great  distinction  between  them  as  valve-gears,  inde¬ 
pendent  of  their  peculiar  construction  or  peculiar  adapta- 
Ition,  is  found  in  the  fact  that  Ake'-Corliss’  valve-gear  is 
idapted  tojyifiaxjgi3la.tof^  object  of  it  is  to  cut  off  the 
steanirurirsuch  a  point  that  a  proper  velocity  may  be  given 
;o  the  machinery,  and  be  governed  by  the  regulator;  the 
regulator  is  a  very  sensitive  instrument. 

Q.  Is  it  necessary  that  it  should  be  so  ? 

A.  It  is  so,  and  I  do  not  know  that  it  can  be  any  other¬ 
wise  ;  these  balls,  in  the  revolution  of  the  engine,  are  set  in 
motion,  and  they  acquire  a  position,  either  down  or  up,  ac¬ 
cording  to  the  velocity  ;  the  higher  the  velocity,  the  further 
the  balls  recede  from  the  lowest  point  at  which  they  can 
swing  ;  this  is  just  as  delicate  as  when  we  suspend  a  weight 
hy  a  string;  we  know  that  a  weight  suspended  by  a  string 
requires  very  little  force  to  move  it,  either  in  one  direction 
or  another;  now,  these  balls,  when  they  are  in  motion,  are 
precisely  in  the  same  condition  as  to  the  actual  force  re¬ 
quired  to  move  them  from  that  position,  provided  that  the 
connections  are  sufficiently  free,  as  the  weight  suspended 
by  a  string  ;  Ave  know  that  a  very  little  force  would  move 
that  either  one  Avay  or  the  other  ;  and  the  same  amount  of 
force  Avould  move  tliese  balls  up  or  down ;  it  requires,  on 
account  of  the  delicacy  and  tlie  ease  with  which  they  are 
moved,  that  they  should  be  as  free  as  possible.  The  appa¬ 
ratus  here  shoAvn  seems  to  follow  that  direction,  that  fact, 
throughout  the  whole  of  it ;  it  is,  to  adapt  the  arrangement 
of  the  tripping  apparatus  so  that  it  can  be  set  or  altered  by 
this  delicate  governor ;  in  order  to  do  that,  the  governor 
must,  as  I  said  before,  (and  it  cannot  be  said  too  often,)  be 
as  free  as  it  is  possible  to  make  it  witli  machinery.  ISTow, 
then,  the  tripping  apparatus  must  be  such  that  there  will 
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be  very  little  resistance  opposed  to  the  movement  of  these 
balls,  either  np  or  down ;  it  can  be  easily  seen  upon  this 
model  that  all  that  the  balls  are  intended  to  do — all  the 
force  which  they  must  exert,  and  which  must  be  exercised 
by  them — is  to  move  this  sliding-rod.  Here  is  the  discon¬ 
nection  between  the  sliding-rod  and  these  sliding-bars  or 
stops;  these  sliding-stops  are  free  to  fall  away  from  the 
sliding-rod ;  they  are  not  attached  to  the  governor.  In  the 
detaching  of  this  apparatus  there  is  a  mere  touch  upon  these 
stops,  when  tlie  hook-rod  comes  in  contact  with  them,  by 
which  the  two  hooks,  or  the  hook  and  catch,  are  thrown 
apart  from  each  other ;  that  is  accomplished  almost  instan¬ 
taneously  by  the  action  of  the  hook-rod  upon  the  stop — the 
hook-rod  acting  as  a  lever,  and  the  stop  acting  as  a  fulcrum  ; 
that  that  is  the  action  can  be  easily  seen,  because  if  this 
hook-rod  were  moved  in  this  direction,  away  from  the  hooks, 
or  from  the  hook  and  catch,  it  would  not  tend  to  throw  off 
the  hook  from  the  catch. 

Q.  In  which  direction  is  that  ? 

A.  In  a  direction  away  from  the  hooks,  if  they  both  can 
])e  said  to  be  hooks  ;  but  if  the  movement  of  this  hook  at  the 
end  on  the  wrist-plate  should  be  vertical,  then  the  action 
would  be  that  the  hook-rod  would  strike  the  stop,  and  be 
readily  disengaged.  The  end  upon  which  the  hook  is,  would 
be  thrown  down  and  thrown  away  from  the  hook.  That  is 
the  action  that  takes  place — the  hook-rod  having  two 
motions — one  in  the  line  of  its  general  centre,  and  the  other 
in  a  direction  at  right  angles  to  that  line.  It  moves  in  both 
directions.  The  movement  in  the  direction  from  the  hooks 
tends  to  open  the  valve  ;  the  direction  at  right  angles  to  its 
axis  tends  to  unhook  the  hooks.  How,  this  leaves  but  an 
instant  of  time  at  which  the  hook-rod  conies  in  contact  with 
the  stop,  and  at  which  the  movement  of  this  sliding-bar  is 
detained  or  hindered  by  the  action  of  tripping.  If  this 
sliding-rod  should  be  detained  for  any  length  of  time  during 
the  running  of  the  engine,  and  during  that  time  the  velocity 
of  the  engine  should  be  increased  or  decreased,  these  balls 
upon  the  governor  would  not  be  able  to  assume  the  position 
that  they  desire  to  assume — they  would  not  be  able  to  fall 
or  rise ;  but  when  they  were  released,  their  tendency  would 
be  to  assume  that  position  very  suddenly,  and  that  tendency 
would  throw  them  by  and  beyond  the  position  that  they 
ought  to  assume.  They  would  acquire  a  momentum,  if  the 
engine  were  increased  in  velocity,  so  tliat  they  would  be 
driven  out  beyond  the  point  that  was  due  to  the  speed  of 
the  engine  at  that  time.  Just  the  same  as  when  we  liave  a 
weight  suspended  by  a  string,  and  we  move  it  o\it  of  its 
vertical  position,  it  has  a  tendency  to  go  back  beyond  in 
the  other  direction.  This  quality  does  not  and  can  not  exist 
in  Sickels’  arrangement.  If  we  observe  the  upward  part  of 
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the  stroke  when  the  valve  is  being  lifted  from  his  seat,  these 
springs  engage  with  these  wedges,  and,  during  the  time  they 
are  engaged  with  these  wedges,  they  present  a  resistance  to 
the  movement  of  this  wedge-shaped  aj^paratus,  which  would 
hinder  and  control  the  action  of  the  governor,  on  account  of 
the  friction  there  existing  upon  it.  We  see  that  there  is  a 
distinct  difference  between  the  wedge  action  in  and 
the  action  over  the  fulcrum  as  a  lever  in  Corliss’.  Probably 
one  of  the  most  delicate  instruments  in  which  levers  are 
used  is  the  piano-forte.  It  is  easily  conceived  that  the  keys 
of  a  piano-forte  might  he  moved  by  a  series  of  wedges,  hut 
it  would  destroy  the  delicacy  of  action  which  is  necessary 
to  the  complete  operation  of  the  instrument.  Just  so,  I 
conceive,  the  delicacy  of  action  of  the  governor  in  this 
inachine  would  he  destroyed  hy  the  operation  of  the 
wedges,  as  described  in  the  Sickels  apparatus.  There  is 
another  point,  which  arises  from  an  entirely  different  view, 
which  is  with  reference  to  the  admission  of  steam  into  the 
cylinder,  to  which  Corliss’  apparatus  is  arranged,  designed 
and  adapted  particularly,  which  does  not  come  into  play  or 
into  action  in  Sickels’  apparatus.  It  is  an  object  that  steam 
should  be  delivered  to  the  cylinder  as  near  the  actual  force 
which  it  has  in  the  boiler  as  possible,  in  order  to  arrive  at 
its  full  effect,  especially  when  used  expansively.  That  lias 
been  fully  explained,  and  I  suppose  I  need  not  say  how  the 
effect  of  using  steam  expansively  is  produced. 

Q.  Go  on,  and  show  how  it  is  obtained  in  Corliss’  machine  ? 

A.  Steam  should  be  received  into  the  cylinder  at  the 
highest  point  of  pressure  possible,  and,  in  order  to  do  that, 
it  is  necessary  that  the  valves  which  admit  the  steam  should 
open  very  suddenly,  and  the  quicker  they  open  the  better 
the  effect.  In  Sickels’  apparatus,  it  is  impossible  to  open 
them  very  suddenly,  or  so  suddenly  as  they  can  be  in 
Corliss’,  on  account  of  the  construction  of  the  valve.  ^  It  is 
a  puppet-valve  which  rests  upon  its  seat,  and  is  lifted 
away  from  its  seat.  It  is  found,  in  working  this  kind  of 
valve,  that,  on  account  of  the  pressure  of  steam  upon  it,  it 
becomes  very  difficult  to  work ;  therefore,  they  use  what 
they  call  the  balanced  valve,  by  which  the  pressure  is  re¬ 
lieved  some^iat,  so  that  tlie  valve  is  more  free  to  be  lifted 
from  its  seat ;  but  the  style,  in  all  constructions,  as  I  un¬ 
derstand  the  plan  to  be,  is  to  make  the  valve  so  that 
there  is  more  pressure  towards  its  seat  than  from  its  seat. 
This  arrangement  of  the  balanced  valve  is  to  relieve  the 
difficulty  that  existed  where  there  was  one ;  but,  in  intro¬ 
ducing  two,  we  bring  in  another  difficulty,  which  is,  that 
there  is  more  weight.  In  the  construction  of  puppet-valves, 
there  must,  of  necessity,  be  a  considerable  weight  to  the 
valve.  So  far  as  that  has  any  effect  on  the  detaching 
apparatus,  it  is  this — it  cannot  be  opened  quickly,  because 
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there  is  a  certain  inertia^  as  it  is  called,  which  can  be  over-  771 
come  gradually  and  quietly,  bnt  which  cannot  be  suddenly 
and  directly  put  in  motion.  That  is  one  of  the  reasons  why 
this  valve  cannot  be  opened  suddenly.  The  weight  is 
doubled  by  the  peculiar  construction  rendered  uecessaiT  to 
open  the  valve  freely.  This  weight  has  to  be  put  in  motion. 

It  cannot  be  done  suddenly  without  a  great  shock.  Perhaps 
I  may  go  on  further,  and  say,  that  the  puppet-valve,  when 
it  is  opened,  must  be  opened  from  a  state  of  rest.  It  arrives 
at  a  state  of  rest  when  it  is  completely  shut,  and,  as  soon  as 
it  is  moved  from  that  point,  it  must  commence  to  open.  772 
That  is  peculiar  to  puppet-valves.  The  same  thing  with  re¬ 
gard  to  the  starting  of  the  valve  is  true  of  the  Corliss 
engine ;  but  there  is  this  peculiar  result — the  motion  of 
the  valve  does  not  of  necessity  suppose  an  admission  of 
steam  into  the  cylinder.  The  valve  is  started  slowly  from 
a  state  of  rest,  and  increases  its  motion  for  a  certain  length 
of  time.  Meanwhile  it  has  not  reached  far  enough  to  admit 
the  steam  into  the  cvlinder  ;  but  an  advantage  is  taken  of 
this  time,  to  accelerate  the  motion  of  the  valve,  and,  when 
the  proper  time  does  arrive  to  admit  steam  into  the  cylinder, 
the  valve  is  then  under  considerable  velocity,  and,  of  course,  773 
can  open  the  inlet  more  suddenly  than  if  started  from  a 
state  of  rest.  These  two  great  features  seem  to  make  a  vast 
distinction,  so  far  as  the  operations  of  the  two  engines  are 
concerned. 

Q.  Will  you  examine  that  piece  of  machinery  (part  of 
the  working  machinery  of  Sickels’  apparatus,  from  the  De 
Laine  Mill,)  and  state  what  that  is  ? 

A.  This  seems  to  be  an  apparatus  for  raising  the  valve 
and  detaching  it  from  the  lifter.  The  detachment,  as  I  im- 
derstand  it,  is  effected  by  the  disengagement  of  this  latch  774 
from  the  stem.  There  is  a  groove  turned  in  the  stem.  The 
latch  is  made  so  that  it  enters  and  disengages — can  enter 
and  be  disengaged — from  that  groove.  When  the  latch  is 
in  the  groove,  then  the  lifter  is  attached  to  the  stem ;  when 
the  latch  is  out  of  the  gi’oove,  then  it  is  detached  fi’om  the 
stem.  The  latch  is  thrown  into  the  groove  by  a  spring, 
which  is  in  this  place. 

Q.  Does  not  the  condition  in  which  you  ffnd  those  parts 
show  that  a  considerable  degree  of  power  has  been  made 
use  of  to  effect  the  disengagement?  775 

A.  This  I  suppose  to  be  the  standard  which  the  latch  en¬ 
countered  in  rising.  By  the  position  of  this  standard, 
having  this  conical-shaped  surface  upon  it,  the  latch  would 
stnke  against  the  wedge  surface,  and  throw  out  the  end 
which  entered  into  the  valve-stem.  The  conical  surface 
shows  indications  of  having  been  worn  in  a  number  of 
places.  It  looks  as  if  it  had  been  worked  in  one  position 
and  then  turned  around  to  another. 


158 


"776  Q.  Does  or  not  that  show  any  practical  difficulty  in  con¬ 
necting  it  with  the  governor  ? 

A.  It  would  show  the  same  difficulty  that  I  have  ex¬ 
plained,  or  tried  to  explain ;  that  during  the  time  the  latch 
is  engaged,  with  there  is  an  amount  of  force  resting 
upon  it  which  would  take  away  the  effect  produced  by  the 
governor. 

Q.  In  cutting  off  beyond  half-stroke,  would  that  pressure 
be  increased  or  diminished  upon  the  black  model  ? 

A.  The  effect  is  increased,  because,  in  going  up,  the  spring 

777  catches  encounter  the  wedge-pieces,  and  in  coming  down 
they  do  the  same.  They  have  double  the  effect  when  the 
detachment  is  effected  beyond  half-stroke. 

Q.  Do  you,  or  not,  find  in  the  model  of  the  defendants’ 
engine  any  valve-box  containing  puppet-valves  ? 

A.  There  are  no  puppet- valves  in  the  defendants’  engine. 

Q.  Are  there  any  valves  which  are  to  be  lifted  from  their 
seats  ? 

A.  There  are  none. 

Q.  Do  you  find  the  construction  of  those  parts  such  as  is 

778  commonly  used  for  puppet- valves  ? 

A.  I  never  have  seen  any  puppet-valves  worked  with  an 
arrangement  like  that  in  Corliss’  model. 

Q.  roint  out  upon  the  black  model  (Sickels’)  the  valve- 
stem. 

A.  The  valve-stem  here,  and  as  described  in  the  patent, 
is  a  rod  which  is  permanently  attached  to  the  valve,  and 
extends  out. 

•Q.  In  which  direction  does  it  move? 

A.  It  moves  towards  and  from  the  seat  of  the  valve,  or  in 

779  a  vertical  direction. 

Q.  In  the  direction  of  its  own  length  ? 

A.  Yes. 

Q.  Do  you  find  any  valve-stem  upon  the  defendants’ 
model  which  is  moved  in  the  same  direction  ? 

\  A.  There  is  none — there  is  no  valve-stem. 

!  Q.  Do  you  find,  in  the  defendants’  model,  any  lifter  which 

I  is  constructed  and  “  acted  upon  in  the  usual  way  ?” 

^  A.  In  the  defendants’  there  is  no  lifter,  such  as  is  de¬ 
scribed  in  the  Sickels  specification,  or  such  as  was  ever 

780  seen  before  this  arrangement  was  completed,  as  I  suppose. 

Q.  Do  you  find  any  spring  attached  to  the  shaft  of  the 
lifter  or  any  other  part  of  the  valve-gear,  the  outer  end  of 
which  embraces  the  sides  of  the  valve-stem  ? 

A.  No  such  apparatus  as  that. 

Q.  Do  you  find  any  valve-stem,  or  anything  connected 
with  the  valve,  which  is  fiattened  or  has  projecting  edges 
or  feathers,  as  in  the  small  black  model  ? 

A.  There  may  be  a  great  many  things  about  the  valve 
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which  are  flattened  and  have  projecting  edges.  There  is 
no  connection  on  the  valve-steni,  which  has  a  flattened  or 
projecting  edge  in  the  defendants’ ;  because  I  do  not  consider 
that  there  is  any  valve-stem. 

Q.  Do  yon  And  any  valve-stem,  or  anything  connected 
with  the  valve,  in  the  defendants’  model,  which  rests  upon 
any  spring  ? 

A.  Xo,  nothing  of  that  kind. 

Q.  Do  you  find  any  spring  sustaining  the  valve  when 
opened,  which,  when  unlatched,  will  permit  the  valve  to 
descend  ? 

A.  There  is  no  such  arrangement,  by  which  the  opening 
of  a  spring-catch  ^vill  allow  the  valve  to  descend,  in  the 
defendants’. 

Q.  Do  you  find  any  apparatus  in  the  defendants’  model 
by  which  the  valves  may  be  tripped  at  any  time  during  the 
ascent  or  descent  of  the  lifter,  and  thus  cut  ofi*  steam  at  any 
part  of  the  stroke  of  the  piston  ? 

A.  There  is  an  arrangement  in  the  defendants’  by  which 
the  valve  can  be  tripped  at  certain  periods  of  tlie  movement 
of  the  piston  up  to  half-stroke,  but  beyond  that  there  is  no 
apparatus  to  accomplish  that  object. 

Q.  Do  you  find  in  the  defendants’  machine  any  standard 
rising  from  the  valve-box,  as  in  the  plaintiffs’  black  model  ? 

A.  There  are  standards — a  number  of  them — rising  from 
the  valve-box,  or  the  box  which  contains  the  valve. 

Q.  Is  there  any  standard  holding  a  set  screw  ? 

A.  There  is  no  standard  for  that  purpose. 

Q.  Li  the  black  model  of  Sickels’  machine,  will  you  ex¬ 
plain  the  operation  of  the  spring  on  the  lifter  by  which  the 
detachment  is  effected  ? 

A.  The  spring  upon  the  lifter  is  an  elastic  substance,  the 
tendency  of  which  is  to  pinch  the  valve-stem  ;  that  same 
elasticity  is  extended  out  and  beyond  the  lifter,  so  as  to  en¬ 
gage  wdth  the  wedge-pieces  which  are  attached  to  a  stand¬ 
ard  ;  the  springs  are  elastic  between  the  stem  and  the  lifting- 
rod  upon  the  lifter,  and  are  also  elastic  between  the  valve- 
stem  and  the  standard  which  supports  the  inclined  wedges. 
The  elasticity  between  the  stem  and  the  lifting-rod  is  necessary 
in  order  that  it  may  engage  and  disengage  with  the  valve- 
stem  :  the  elasticitv  between  the  valve-stem  and  the  stand- 
ard  is  necessary,  in  order  that  it  may  pass  and  repass  by  the 
wedges  ;  so  that,  during  the  whole  length,  the  springs,  in 
order  to  have  a  complete  action,  must  necessarily  be  elastic ; 
when  the  bfter  is  raised,  and  the  cut-oif  set  at  a  fixed  point, 
the  ends  of  the  spring  strike  the  incbned  wedges,  the  fii’st 
tendency  of  wliich  is  to  bend  the  springs  outward  and  in¬ 
ward  ;  the  friction  or  weight  of  the  valve-stem  would  cause 
the  elasticity  of  the  springs  to  be  extended  from  and  be- 
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786  tween  the  wedges  and  the  valve-stem,  and  those  springs 
would  require  a  certain  amount  of  tension,  and,  as  the  lifter 
went  on,  would  finally  he  thrown  out  of  the  notches  in  the 
valve-stem  quite  suddenly. 

Q.  Will  you  explain  the  operation  on  these  models,  (skele¬ 
ton  models  of  spring-catch.) 

A.  TTiis^  I  suppose,  is  intended  to  represent  the  valve- 
stem,  and  this  the  inclined  wedge  ;  this  does  not  represent 
the  action  fully  of  the  springs,  hut  it  is  a  comhination  of 
stiff  latches  made  to  work  hy  springs.  (The  witness  ex- 

787  plained  the  action  of  the  models,  and  continued:)  Tliis 
shows  that  there  are  two  actions  to  this  spring,  if  nothing 
more — one  between  the  stem  and  the  incline,  and  another 
between  the  stem  and  the  lifter,  or  the  valve  lifting-rod, 
which  allows  it  to  disengage  or  fall  out ;  the  other  action 
which  takes  place  hy  the  bending  of  the  spring  between 
this  point  and  the  end,  will  not  take  place  in  this  as  it  will 
in  the  elastic  spring. 

Q.  Do  you  hnd  any  such  device  or  any  such  mode  of 

788  operation,  or  any  equivalents  for  them,  in  the  defendants’ 
machine  ? 

A.  There  is  no  equivalent  for  the  spring  acting  as  I  have 
described. 

Q.  Have  you  examined  the  working  of  the  defendants’ 
machine,  or  of  machines  built  like  it,  for  the  purpose  of  test¬ 
ing  the  effect  of  the  machine  in  using  steam  in  the  manner 
that  you  have  described  ? 


A.  I  have ;  I  have  seen  two  or 


three  such  engines  at 


789  work,  and  made  experiments  upon  one,  to  ascertain  what 
the  effect  of  the  steam  was. 

Q.  Will  you  state  in  general  terms  what  the  result  was  ? 

A.  The  result  was  that  the  steam  in  the  cylinder  was 
within  two  pounds  pressure  of  that  which  was  in  the 
boiler. 

Q.  At  what  period  of  the  stroke? 

A.  The  first  part  of  the  stroke. 

Q.  How  long  did  it  continue? 

A.  It  continued  until  the  time  of  cut-off*,  and  afterwards 
decreased,  by  its  expansion. 

790  Q.  In  that  machine,  and  in  the  other  machines  that  you 
have  examined,  what  determined  the  point  of  cut-off? 

A.  It  was  determined  by  the  governor. 

Q.  What  conditions  affected  the  action  of  the  governor  ? 

A.  I  before  said  that  the  governor  should  be  free  to 
move ;  the  balls  of  the  governor  should  be  free  to  move  in 
either  direction,  and  not  be  countervailed  by  any  other 
force  than  their  velocity. 

Q.  In  other  words,  what  conditions  affected  the  velocity 
of  the  engine  ? 
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A.  The  velocity  of  the  engine  is  affected  hy  a  number  of  791 
conditions — the  amount  of  work  to  be  done ;  if  the  engine 
remains  in  the  same  condition  otherwise,  putting  more  work 
on  would  reduce  the  velocity ;  if,  with  the  same  amount  of 
work,  the  pressui’e  of  steam  is  increased,  it  will  increase  the 
velocity ;  if,  with  the  same  amount  of  work  and  the  same 
pressui’e  of  steam,  an  admission  of  steam,  so  that  it  shall 
follow  at  full  pressure  the  full  stroke  of  the  piston,  would 
make  an  increased  velocity. 

Q.  What  is  the  mode  of  regulating  engines  constructed 
differently  from  that  of  the  defendants  ?  792 

A.  I  think  the  most  common  method  is  to  res^ulate  l)v 
a  throttle-valve. 

Q.  How  is  that  throttle-valve  worked  ? 

A.  It  is  usually  connected  with  the  governor. 

Q.  Where  is  it  placed  ? 

A.  It  is  placed  in  the  steam-pipe,  between  the  boiler  and 
the  cylinder. 

Q.  How  does  it  produce  the  regulation  of  the  engine  ? 

A.  It  reduces  the  pressure  of  the  steam  by  wire-drawing 
it,  as  it  is  termed;  the  steam  has  to  pass  through  a  smaller  793 
orifice,  to  produce  a  less  velocity. 

Q.  What  effect  does  that  have  upon  the  working  power 
of  the  steam? 

A.  It  reduces  the  power,  which,  by  using  an  expansive 
power,  would  otherwise  be  obtained. 

Q.  Do  you  know  as  a  fact  to  what  extent  it  is  reduced  in 
engines  in  common  use  ? 

A.  It  is  reduced  to  a  variable  extent ;  because,  as  the 
steam  increases,  the  same  amount  of  work  being  done, 
there  must  be  some  difference  between  the  steam  in  the 
boiler  and  the  steam  in  the  cvlinder.  794 

t/ 

Q.  Do  you  know  within  what  limits  it  is  usually  found  ? 

A.  I  do  not  know  how  much  difference  there  would  be 
usually.  It  depends  altogether  upon  circumstances. 

Q.  Through  what  portion  of  the  stroke  of  the  piston  does 
the  rod  which  opens  the  valve  come  in  contact  with  the 
stop  which  detaches  ? 

A.  Some  parts  of  the  time  steam  will  follow  the  piston 
one-eighth  and  from  that  to  nearly  one-half  of  its  stroke. 

Q.  Have  you  ever  examined  an  engine  in  a  rolling  mill  ? 

A.  I  saw  an  engine  in  a  rolling  mill. 

Q.  Whose  engine  was  it? 

A.  I  do  not  remember  the  name. 

Q.  Was  it  an  engine  constructed  like  the  defendants’? 

A.  Yes,  sir. 

Q.  Did  you  see  the  operation  of  the  governor,  in  con¬ 
nection  with  the  cut-off  in  that  engine  ? 

A.  I  noticed  it  very  particularly. 
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Q.  What  was  the  engine  doing — what  was  the  work 
upon  it  ? 

A.  They  were  rolling  brass  plates.  It  was  observable 
that  every  time  the  plates  were  presented  to  the  rollers,  the 
governor  instantly  gave  the  cylinder  more  steam,  and  they 
were  changing  every  minute. 

Q.  What  was  there  upon  the  engine  while  the  bars  were 
not  in  the  rolls  ? 

A.  So  far  as  I  conld  see,  merely  the  necessary  apparatus 
to  control  the  power. 

Q.  Does  that  require  a  small  ora  great  degree  of  power  ? 

A.  Small. 

Q.  When  the  bars  were  in,  what  was  the  degree  of 
power  ? 

A.  Then  a  considerable  amount  of  power  was  required. 

Q.  Does  it  not  vary  very  substantially? 

A.  Yes ;  from  a  very  small  to  a  very  great  power. 

Q.  During  what  space  of  time  ? 

A.  I  think  it  is  instantaneous. 

Q.  What  length  in  the  variation  of  cut  off  have  you  seen 
in  the  operation  of  that  engine  between  one  stroke  and 
another,  or  between  the  engine  when  the  bar  was  not  in  it, 
and  when  the  bar  was  being  rolled  or  pressed  ? 

A.  I  have  seen  it  cutting  off  when  there  was  no  rolling, 
probably  steam  being  admitted  into  the  cylinder  until  the 
piston  had  gone  one-sixth  or  one-eighth  of  its  stroke.  When 
the  bars  were  in,  and  the  plates  were  rolling,  steam  was 
admitted  until  the  piston  had  followed  probably  one-third 
of  its  stroke.  I  did  not  measure  the  parts  so  as  to  be  able 
to  state  particulars  ;  but  that  was  the  result  that  I  arrived 
at  from  observation.  Sometimes  it  would  seem  as  if  there 
was  no  steam  admitted,  which  I  think  was  the  case. 

Q.  Can  you  illustrate  the  effect  on  this  model  in  any 
way  ? 

[Witness  illustrated.] 

Q.  What  did  the  first  condition  represent  in  rolling  ? 

A.  The  first  condition  represented,  is  where  there  is  very 
little  force  necessary  to  move  the  apparatus  ;  tlie  last  con¬ 
dition  when  great  force  is  required. 

Q.  It  was  controlled  in  a  very  short  space  of  time  ? 

A.  It  was  adjusted  and  controlled  instantly  by  the 
governor. 

Q.  Are  you  acquainted  with  tlie  mode  of  regulation  in 
other  rolling  mills,  using  different  kinds  of  engines  ? 

A.  I  never  examined  them  particularly. 

Q.  You  spoke  of  the  valve  in  the  defendants’  machine 
being  open  more  or  less,  according  as  the  cut-off  is  effected 
near  the  beginning  of  the  stroke  or  further  from  it.  How 
was  steam  admitted  into  the  cylinder  at  such  times — with 
greater  or  less  tension  ? 
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A.  Steam  is  admitted  into  the  cjdinder  at  very  nearly  the 
same  tension  at  all  times.  The  opening  of  tlie  valve  at  the 
■first  point  of  opening  is  very  small,  and  the  velocity  of  the 
piston  is  also  very  small,  so  that  the  proportion  of  the  open¬ 
ing  is  very  near  to  the  wants  of  the  cylinder ;  and,  when  the 
piston  is  at  its  greatest  motion,  then  the  construction  of  the 
valve  is  such  that  it  is  wide  open. 

Q.  Does  it  or  not  then  practically  make  a  great  differ¬ 
ence  in  the  defendants’  engine  whether  the  valve  is  open¬ 
ed  entirely  or  only  partially  at  the  commencement  of  the 
stroke  ? 

A.  All  that  is  necessary  is,  that  there  should  be  a  suffici-  802 
ent  opening,  so  that  the  tension  of  the  steam  will  not  be  re¬ 
duced  when  it  reaches  the  piston.  That  was  the  case  in  all 
the  experiments  that  I  saw. 

Q.  How  many  experiments  do  you  refer  to  ? 

A.  I  should  think  a  dozen,  made  under  different  circum¬ 
stances. 

Q.  Under  what  change  of  circumstances  did  you  make 
these  experiments  ? 

A.  A  change  in  the  tension  of  the  steam  and  in  the  pres-  803 
sure  of  the  steam  in  the  boiler. 

Q.  How  great  a  variation  in  the  pressure  of  the  steam? 

A.  Thirty  pounds. 

Q.  In  the  mode  of  detaching  in  the  defendants’  machine, 
do  you  find  the  wedges  or  inclined  planes,  or  any  equivalent 
for  them  ?  . 

A.  I  think  there  are  no  wedges  or  inclined  planes,  or  any  I 
action  of  a  wedge  or  inclined  plane,  so  far  as  detaching  / 
goes,  in  the  defendant’s  engine.  804 

Q.  How  would  you  express  the  difference  between  the 
action  of  the  two  in  that  respect  ? 

A.  The  action  of  the  wedges  in  the  plaintiffs’  is  a  continu¬ 
ous  action,  by  which  friction  is  produced.  In  the  defend¬ 
ants’  the  action  is  simply  that  of  a  lever  over  a  fulcrum. 

One  has  qualities  which  the  other  has  not ;  as  I  have  tried  to 
explain,  those  qualities  are  necessary  to  the  action  of  the 
defendants’  combination,  and  in  the  plaintiffs’  they  are  not 
necessary. 

Q.  Have  you  ever  seen  or  known  a  lever  to  be  used  for  805 
the  purpose  of  detaching  in  any  other  machine  than  in  the 
defendants’  ? 

A.  I  think  I  have. 

Q.  Have  you  examined  the  description  of  the  second 
part  of  Sickels’  invention  ? 

A.  I  have. 

Q.  -Will  you  describe  upon  the  model  what  it  is,  and 
what  the  purpose  of  it  is,  as  you  understand  it  ? 

A.  This  wooden  model  exhibits  the  apparatus  described 
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in  tlie  second  }3art.  The  puppet-valves  are  made  tight  by 
resting  upon  their  seats.  There  is  a  nice  point  of  adjust¬ 
ment.  The  valve,  when  it  closes  upon  its  seat,  should  be 
perfectly  steam-tight.  In  order  that  it  shall  be  so,  the  sur¬ 
faces  being  metal,  it  is  necessary  that  those  two  surfaces  of 
the  valve  and  of  its  seat  should  be  kept  in  a  perfect  condition 
— made  perfect  in  the  first  place,  and  kept  so.  Now,  it 
seems  to  me  that  the  object  in  that,  and  which  is  described 
*  as  being  in  that  by  the  second  part  of  Sickels’  patent,  is 

807  principally  to  prevent  any  damage  which  would  necessarily 
result  by  the  falling  of  these  valves  upon  those' seats,  which 
result  would  be  that  the  two  surfaces,  of  the  valve  and  of  the 
valve-seat,  would  be  abraded,  and  thereby  the  valve  would 

j  leak,  if  the  surfaces  were  uneven.  That  would  result  from 

/  the  slamming  of  the  valve.  The  valve,  it  will  be  noticed, 

I  as  I  sMd''TmoreJTs"T[bu6le,  and  of  course  must  be  of  con¬ 

siderable  weight.  That  is  not  all.  It  is  also  made  in  such 
a  way  that,  in  addition  to  the  weight  of  the  valve,  tending 
to  shut  it,  it  has  a  force  of  steam  tending  to  shut  it.  Al- 

808  though  said  to  be  balanced,  it  is  always  the  custom  to 
make  the  u|)per  valve  larger  than  the  lower  one,  so  that 
the  pressure  of  the  steam  upon  the  valve  will  tend  to  close 
it.  This  additional  pressure  tends  still  more  than  the  weight 
of  the  valve  to  jam  and  abrade  its  surface  and  the  valve- 
seat,  where  they  come  in  contact.  Now,  in  order  to  avoid 
that  difficulty,  this  apparatus,  called  a  dash-pot  and  a  pis¬ 
ton,  is  made.  It  consists  of  a  cylinder  for  water,  the  upper 
part  of  which  is  somewhat  larger  than  the  plunger.  Near 
the  bottom  of  the  cylinder  of  water  is  what  is  called  the 
secondary  cup,  which  approaches  more  nearly  to  the  size 
of  the  plunger.  This  cup  is  shown  as  being  a  conical  cup, 
shaped  like  a  cup  we  drink  tea  out  of ;  so  that,  as  the 
plunger  enters  the  top  of  the  cup,  there  is  more  space  be¬ 
tween  the  inside  of  the  cup  and  the  plunger  than  there  is 
when  the  piston  has  reached  nearly  to  the  bottom.  That 
seems  to  me  the  construction  as  shown.  It  would*  tend, 
after  the  piston  had  entered  the  cup,  to  shut  off,  by  degrees, 
the  opening  through  which  the  water  fiowed  from  under 
the  plunger ;  that  is,  the  outer  edges  of  the  plunger  would 

810  gradually  approach  the  inner  side  of  the  cup.  The  cup  is 
conical.  This  cup  is  made  adjustable,  and  there  are  two 
very  good  reasons  why  it  should  be  so,  as  I  supj^ose.  The 
valve  has  to  be. stopped  at  a  precise  point.  The  plunger 
cannot  rest  upon  tile  bottoni  ot  the  cup ;  because,  if  it  did 
so,  it  would  hold  the  valve  up  from  its  seat,  which  would 
be  an  objection.  Now,  there  is  a  nice  point  to  which  it  is 
necessary  to  arrive,  in  order  to  present  just  sufficient -resist¬ 
ance  to  the  plunger  which  is  attached  to  the  valve,  so  that 
the  valve  shall  reach  its  seat  quietly  and  witliout  a  concus- 
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sion  or  slam.  The  difference  in  the  height  of  the  falling  of  811 
the  valve  would  give  it  a  greater  force,  and  to  adjust  it  ac¬ 
curately  would  require  a  different  position  of  the  adjustable 
cup.  The  weight  is  one  of  the  causes  by  which  the  valve  is 
closed.  The  other  is  due  to  the  increased  tension  of  steam 
acting  upon  the  top  of  these  valves  to  press  them  down 
after  they  are  detached  and  the  weight  falls.  This  secon¬ 
dary  cup,  to  work  completely,  would  require  adjustment.  It 
is  made  adjustable  in  connection  with  the  inclined  planes ; 
because,  as  the  inclined  planes  are  higher  up,  and  the  valve  812 
would  fall  farther,  it  would  require  greater  resistance  to 
control  it,  or  stop  it,  by  the  secondaiy  cup. 

Q.  Is  that  or  not  necessary  to  the  proper  adjustment  of 
the  tripping  apparatus  for  puppet-valves  ? 

A.  I  think  it  is  necessary  to  this  mode  of  working  the 
tripping  apparatus. 

Q.  At  what  point  is  the  valve  checked  in  its  fall  in 
Sickels’  model  ? 

A.  It  is  checked  very  near  the  point  of  closing. 

Q.  Before  the  point  of  closing  ?  813 

A.  Certainly ;  it  is  checked  before  the  point  of  closing.j 

Q.  Is  there  any  regulation  of  the  descent  of  the  valve 
into  its  seat,  in  Sickels’  model  ? 

A.  It  is  regulated  by  the  position  of  the  secondary 
cup. 

Q.  Is  there  or  not  any  necessity  for  such  regulation  in 
that  model  ? 

A. ,  I  have  no  doubt  but  that  the  valves  would  go  to  their  \ 
seats  without  any  such  regulation ;  so  that  it  cannot  be  said  8m 
to  be  a  matter  of  necessity,  so  far  as  the  closmg  of  the  ] 
valves  are  concerned.  But,  so  fai-  as  closing  the  valves  to  / 
prevent  them  from  slamming,  there  is  a  necessity. 

Q.  Xow  look  at  the  defendants’  model,  and  state  what 
vou  find  there  ? 

A.  His  valves  are  closed  by  a  weight  attached  to  an  arm 
on  this  rocking-shaft.  The  weight  is  lifted  by  the  hooks, 
and  falls  into  a  reservoir  or  cylinder  containing  afr.  The 
air-cylinder,  or,  you  may  say,  the  weight  which  closes  the 
valve,  is  formed  as  a  piston,  that  entei*s  the  cylinder,  and 
very  nearly  fills  it.  Xear  the  bottom  of  the  cylinder  is  an  815 
outlet,  covered  by  an  adjustable  screw,  Avhich  controls,  or 
can  be  made  to  control,  the  falling  of  the  weight.  The  ac¬ 
tion  of  the  weight  is  to  shut  the  vafre.  The  action  of  the 
cylinder  is  to  prevent  the  slamming  of  the  weight  in  the 
bottom  of  the  cylinder.  The  weight  ahvays  reaches  the 

bottom  of  the  cvlinder  in  one  extent  of  motion.  Tlie 

«/ 

valves  are  np^uppet-yalves^  and  carniot  slam. 

Q.  In  your  opinion,  as  a  mechanical  engineer,  is  the  con- 
stiuiction  and  arrangement  of  the  appai’atus  used  by  the 
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defendants  identical  with  the  construction,  arrangement  and 
combination  described  in  and  claimed  by  the  complainants 
under  Sickels’  patent — substantially  identical  ? 

A.  I  think  that  the  apparatus  described  in  Sickels’  patent 
is  an  apparatus  for  preventing  the  slamming  of  the  valves, 
and  applied  to  puppet-valves ;  the  apparatus  used  by  the 
defendants  does  not  employ  puppet-valves,  and  it  does  not 
use  a  valve  that  can  slam  ;  therefore,  the  apparatus  is  not 
used  for  the  same  purpose  ;  in  one  case  it  is  used  to  check 
the  falling  of  a  weight,  and  in  the  other  it  is  used  to  prevent 
the  slamming  of  the  valves. 

Q.  Is  there  or  not  any  regulation  for  the  closing  of  the 
valves  in  the  defendants’  machine  ? 

A.  By  the  adjustment  of  a  side-screw,  shown  in  this  large 
model,  the  velocity  of  the  weight  and  the  corresponding 
velocity  of  the  valve  would  be  regulated  to  a  certain  extent. 

Q.  After  the  position  of  the  parts  is  once  adjusted  in  the 
defendants’  machine,  is  there  any  necessity  or  any  advan¬ 
tage  in  altering  them  to  suit  the  altered  condition  or  work¬ 
ing  of  the  engine  ? 

A.  I  do  not  tlnnk  there  would  be ;  the  limit  of  the  motion 
is  controlled  by  the  bottom  of  the  dash-pot  into  which  the 
weight  falls  in  the  defendants’  engine ;  that  is  fixed,  so  that 
the  hooks  on  the  hook-rod  and  on  the  arm  will  engage  with 
one  another ;  limit  the  position,  or  bring  it  to  such  a  posi¬ 
tion  that  they  will  engage — that  is  all  that  is  necessary ;  no 
conditions  will  arise  in  the  working  of  the  engine  similar  to 
or  dissimilar  from  the  plaintiffs’,  to  require  an  alteration 
amounting  to  an  adjustment. 

Q.  Have  you  examined  the  working  of  this  apparatus  in 
the  defendants’  machine  ? 

A.  I  have  seen  it  at  work.  x 

Q.  Do  you  know  in  what  position  the  weight  was  when 
the  port' was  closed,  or  before  it  was  closed,  or  just  closed  ? 

A.  I  was  shown,  by  Mr.  Clark,  some  marks  upon  the  en¬ 
gine,  which  designated  the  position  at  the  time  the  valves 
were  closed  ;  assuming  these  marks  to  indicate  the  position 
of  the  valve,  then  the  weight  was  about  one-half  or  five- 
eighths  of  an  inch  above  the  small  outlet  hole  on  the  side 
of  the  cylinder,  when  the  port  was  closed ;  and,  after  the 
port  was  closed,  the  weight  fell  the  rest  of  the  way  to  the 
bottom  of  the  cylinder. 

Q.  How  far  did  the  weight  move  after  the  port  was 
closed  ? 

A.  I  think  the  weight  fell  about  an  inch ;  it  might  be  an 
inch  and  a  half,  perhaps  more  ;  I  do  not  know  how  far  it  is 
from  the  hole  to  the  bottom. 

Q.  At  what  point  of  the  fall  of  the  weight  would  its  speed 
be  essentially  checked  by  the  operation  of  that  cylinder  ? 
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A.  It  would  be  checked  after  or  at  the  time  the  hole  in  82i 
the  side  was  passed  bj  the  bottom  of  the  plunger. 

Q.  Do  you  find  in  the  defendants’  apparatus  any  second¬ 
ary  reservoir  or  adjustable  cup,  similar  to  that  in  the  plain¬ 
tiffs’  model,  or  any  equivalent  for  it  ? 

A.  There  is,  in  the  bottom  of  this,  a  part  where  the  weight 
is  resisted  to  a  greater  extent  than  it  is  during  the  other 
part ;  it  acts  to  check  the  weight  and  prevent  it  from  strik¬ 
ing  the  bottom  of  the  cjdinder,  as  a  sort  of  mishion  ;  it  does 
not  act  to  prevent  the  slamming  of  the  v^ves. 

Q.  Have  you  ever  seen  it  working  with  any  other  sub¬ 
stance  than  air  beneath  the  weight  ? 

A.  I  never  have. 

Q.  Have  you  seen  the  weight,  in  the  defendants’  ma¬ 
chine,  fall  upon  other  substances  ? 

A.  I  have  seen  the  weight  fall  upon  a  piece  of  carpeting 
or  leather,  which  checked  the  fall  of  the  weight  and  pre¬ 
vented  its  hammering. 

Q.  How  did  the  apparatus  work  in  that  mode  of  checking 
the  weight  ?  823 

A.  It  worked  just  as  well  as  with  any  other  mode  ;  all 
that  is  necessary  is  something  to  stop  the  weight. 

Q.  In  the  plaintiffs’  model,  is  it  or  not  necessary  to  have 
the  connection  between  the  valve  and  the  jDlunger  rigid  ?  - 

A.  It  is. 


Q.  Why? 

A.  Because  the  whole  object  of  the  pressure  is  to  sustain 
the  valve. 

Q.  Is  it  or  not  necessary  in  the  defendants’  apparatus  ?  824 

A.  It  is  not  necessary  in  the  defendants’  apparatus ;  in 
the  defendants’  apparatus  the  valve  is  quite  free  to  move  ■ 
until  the  port  is  closed. 

Q.  Have  you  ever  seen  it  working  with  a  loose  connec¬ 
tion  ?  I 

A.  I  have  seen  it  working  with  a  leather  strap  between  / 
the  weight  and  the  arm,  and  a  string  between  the  weight  / 
and  the  arm.  / 

Q.  How  did  it  then  work,  as  compared  with  the  rod  ?  I 
A.  It  worked  fully  as  well  as  with  the  rod ;  all  the  objectl 
of  the  weight  is  to  pull  the  valve  in  one  direction  ;  there  is  \825 
no  need  of  any  connection  between  the  weight  and  the  \ 
valve  which  will  act  in  the  other  direction,  that  is,  from  \ 
the  weight  towards  the  valve.  * 

Q.  mien  the  connections  are  loose,  is  there  or  not  any 
jar  communicated  from  the  weight  to  any  portion  of  the 
valve-gearing  ? 

A.  There  could  not  be  any  jar  communicated  back 
through  the  sfrap  or  sfring. 

Q.  Do  you  know  whether  or  not  there  are  other  devices 
for  arresting  slamming  or  jarring  in  machinery  ? 
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A.  Other  devices  than  what  ? 

Q.  Than  these  two. 

(Mr.  Keller  objected  to  the  question. 

The  Court  held  that  the  inquiry  should  be  allowed  only  so 
far  as  it  tended  to  show  a  dissimilarity  between  the  appara¬ 
tus  of  the  defendants  and  that  claimed  by  the  plaintifis.) 

^  ^  a  know  of  any  device  used  for  the  checking  of 
ght  in  machinery  ? 

Q.  What  are  the  elements  of  such  a  device  ? 

A.  A  cylinder,  a  plunger  falling  into  it,  and  water  in  the 
cylinder. 

Q.  How  old  is  that  device  ? 

A.  It  is  described  as  being  used  in  Watt’s  engine. 

{Mr.  Keller  desired  the  Court  to  note  that  he  would  claim 
the  right  to  introduce  rebutting  testimony  in  relation  to  this 
part  of  the  case.) 

Q.  Do  you  know  of  any  device  in  the  steam-engine  itself 
by  which  the  motion  of  any  part  of  it  is  arrested  or  checked 
by  an  elastic  fluid  % 

A.  It  is  usual  in  locomotive  engines — common  at  least — 
to  admit  a  portion  of  steam  forward  of  the  piston,  in  order 
that  just  before  the  piston  arrives  at  its  full  length  of  stroke, 
the  momentum  acquired  by  the  piston  shall  be  resisted  by 
the  steam  between  the  piston  and  the  ends  of  the  cylinder, 
to  check  the  momentum. 

Q.  Do  you  know  whether  or  not  that  was  used  in  a  single 
acting  engine,  for  the  purpose  of  checking  the  descent  of 
the  piston? 

A.  It  is  described  as  being  so  used. 

Q.  How  did  it  check  the  descent  of  the  piston  ? 

A.  A  quantity  of  steam  was  confined  in  a  space  which 
the  piston  was  trying  to  fill,  and  the  steam  and  piston  could 
not  be  there  at  the  same  time,  so  that  the  piston  was 
checked. 

Q.  Suppose  that  you  place  in  the  plaintiffs’  machine  pieces 
of  carpeting  or  other  substances  which  you  have  described, 
instead  of  the  water  in  the  reservoir,  how  would  it  work 
then? 

A.  If  they  were  elastic,  as  carpet  is,  the  valve  would 
strike  its  seat  with  some  force  or  else  the  material  would 
prevent  it  from  resting  upon  its  seat. 

Q.  Would  the  description  of  the  first  part  of  this  inven¬ 
tion  of  Sickels,  as  given  in  his  specification,  teach  you  or 
any  intelligent  mechanic  how  to  construct  the  valve-gear 
and  detaching  part  of  the  defendants’  engine  ? 

A.  I  do  not  thiahJl-Would. 

Q.^CduM'irbe^nstructed  from  this  description,  without 
the  use  of  invention? 


Q.  Do  yoi 
a  falling  wei 
A.  I  do. 
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A.  IS'ot  by  any  means.  831 

Q.  How  is  it  in  the  second  part  of  the  invention,  describ¬ 
ed  in  the  second  part  of  Sickels’  specification  ;  would  the 
description  there  teach  yon  how  to  construct  the  air  cylin¬ 
der  used  by  the  defendants  ? 

A.  To  follow  the  description,  yon  would  not  make  an  air 
cylinder  like  that. 

Q.  Can  you  find  in  this  description  any  indication  that 
air,  or  any  other  elastic  and^^qp^nsive  f^d,  could  be  used 


in  such  a  contrtvane^  as  is  nere  d^v.x^Mv.vL  ^ 

A.  I  do  not  think  that  the  description,  taken  as  a  whole,  ^32 
conveys  any  idea  that  air  or  any  elastic  finid  was  used  or 
intended  to  be  used.  That  appears  very  distinctly  from  the 
fact  that  he  states  the  cylinder  is  to  be  _parl  filled  with 
fluid.” 

Q.  Does  the  mode  of  operation  describe  the  escape  of  an 
incompressible  fluid  or  of  a  compressible  and  elastic  fluid  ? 

A.  The  whole  description  refers  to  an  incompressible/ 
fluid  and  liquid.  h 

Q.  Have  you  seen  a  reservoir  used  for  the  purpose  of 
checking  the  fall  of  the  weight  in  the  defendants’  machine, 
constructed  with  an  open  cup,  or  guides  to  the  weight?  S33 

A.  At  Youngs  &  Cutters’  I  saw  a  cylinder  like  the  de¬ 
fendants’,  having  four  slots  in  the  side,  of  about  three-quart¬ 
ers  of  an  inch  in  width,  cutting  through  the  complete  sur¬ 
face  of  the  cylinder  up  and  down,  so  that  there  could  be  no 
air  confined  under  the  weight.  They  served  merely  as 
guides. 

Q.  How  did  they  work  ? 

A.  Yery  well. 

Q.  State  how  pieces  of  carpet  or  other  material  were  placed 
in  that  dash-pot  ? 

A.  The  cylinder  was  cut  out  in  slots,  so  as  merely  to  834 
form  a  guide.  A  piece  of  carpet  or  leather  was  placed 
upon  the  bottom  of  the  cylinder,  and  extending  up  so  that 
the  bottom  of  the  piston  could  not  fall  to  the  bottom  of  the 
slots. 

The  Court  here  adjourned  until  January  4th,  1855,  at  11 
o’clock,  A.  M. 

January  4th,  1855, 11  o’clock,  A.  M. 

The  GTOSS-examination  of  the  witness  William  G.  Hibhard 
was  resumed.  835 

Mr.  Hjbbard,  will  you  now  give  the  authorities  to 
which-wfremrred  in  your  testimony  yesterday,  where  you 
find  the  dash-pot  and  valve-gear  described  to  which  you 
alluded? 

A.  They  are  more  particularly  described  in  a  public  work 
entitled  “  The  Steam  Engine,  its  invention  and  progressive 
22 


improvement,  an  investigation  of  its  principles  and  its  ap¬ 
plication  to  Navigation,  Mannfactnres  and  Railways,  by 
Thomas  Tredgold^  Civil  Engineer,  volume  I,”  at  page  224, 
Article  478,  and  at  page  261,  Article  546,  and  illustrated 
on  Plate  IX,  in  volume  II  of  that  work.  Those  descrip¬ 
tions  are  as  follows : 


/ 
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(Page  224,  Article  478.)  “  Modes  of  opening  and  closing  valves,  cocks  and 

slides. — The  motion  may  be  given  either  from  the  reciprocating  or  from  the 
837  rotary  parts  of  an  engine.  In  engines  which  have  no  rotary  parts,  motion  is 
communicate!  to  the  valves  by  a  rod  or  beam,  called  a  plug  tree,  attached  to 
the  engine  bd^am  near  to  the  end  moved  by  the  piston  rod.  This  plug  tree  is 
provided  with  certain  adjustable  projections  called  tappets,  which  strike  the 
levers  (^landles  of  the  valves,  and  thus  open  or  shut  them  at  the  proper  in- 
.  terval^as  the  beam  ascends  or  descends.  These  handles  turn  on  axis  and  act 
as  levers  to  move  the  valves,  slides  or  cocks.  *  *  *  *  When  valves  are  em- 
pjrJyed,  they  are  generally  opened  by  weights.  *  *  *  *  A  weight  tr,  suffi- 
oob  oient  to  overcome  the  friction  and  open  the  valve,  acts  by  a  short  arm  a,  on 
the  axis  which  requires  to  be  turned  to  move  the  valve ;  the  weight  is  kept 
suspended  by  a  spring  catch  h  while  the  valve  is  closed,  and  when  the  catch 
is  disengaged  by  the  handle  c  being  moved  by  the  tappet  d,  the  valve  opens. 
If  the  valve  be  large  it  requires  a  considerable  weight  w  to  open  it  against 
the  pressure  of  the  steam,  and  in  that  case  either  the  valve  described  in  Art. 
442,  or  W att’s  mode  of  relieving  the  pressure  may  be  adopted.  It  will  natu¬ 
rally  be  inquired  why  weights  are  used  to  open  the  valves  instead  of  using 
the  direct  power  of  the  beam.  The  only  reason  assigned  for  so  doing  is,  that 
a  weight  opens  a  valve  more  rapidly,  and  the  loss  by  closing  them  slowly 
was  not  quite  so  readily  detected,  though  the  absolute  loss  is  about  the  same, 
and  the  practice  is  becoming  more  common  to  open  them  by  direct  action. 
The  descent  of  the  weight  which  opens  a  valve  is  regulated  by  an  ingenious 
method.  It  either  descends  into  or  forces  a  piston  into  a  vessel  of  water,  (see 
C,  Fig.  3,  Plate  9,)  while  the  aperture  by  which  the  water  escapes  from  under 
it,  may  be  increased  or  diminished  at  pleasure.  The  weight,  therefore,  acts 
.  with  its  full  force  to  open  the  valve  but  as  soon  as  it  begins  to  move  it  is  re- 
^40  tarded  by  the  water  till  it  be  finally  stopped.  During  the  ascent  a  valve 
opens  inwardly  at  the  bottom  of  the  vessel,  and  therefore  the  engine  has  not 
more  than  the  weight  to  raise  again.” 

(Page  261,  Article  646.)  “  To  regulate  by  loorking  more  or  less  by  expan¬ 

sion. — This  may  be  done  by  adjusting  the  motion  of  the  steam  valves,  so  that 
they  may  be  closed  at  an  earlier  or  later  period  of  their  stroke,  according  as 
the  engine  has  less  or  more  work  upon  it.  This  method  is  confined  chiefly  to 
regulating  by  hand.  (See  Article  481,  and  Plate  IX.)  The  self-acting  regulator 
in  use  applies  with  good  effect  only  to  valve  engines,  as  neither  the  common 
841  slide  nor  cock  can  be  adjusted  otherwise  than  to  close  the  passage  to  the  con¬ 
denser.  (See  Art.  448  and  456.)” 


They  are  also  described  in  a  public  work  entitled  “  A 
Treatise  on  the  Steam  Engine,  Historical,  Practical  and 
Descriptive,  by  John  Farey^  Engineer,”  at  pages  457,  527 
and  528,  and  530,  and  illustrated  on  plates  XIII  and  XXIY. 
Those  descriptions  are  as  follows  : 

(Page  457.)  “  The  structure  of  the  working-gear  has  been  already  suffici¬ 

ently  described  to  give  an  idea  of  its  action.  The  four  short  levers  which  are 
fixed  upon  the  two  axes  t  and  u  for  the  handles  r  and  s,  are  so  arranged  that 
when  the  valves  aYe  all  shut,  these- levers  will  assume  the  same  direction  as 
their  rods  10.  11  and  13,  14,  by  which  they  are  connected  with  the  other 
longer  levers,  on  the  axes  of  the  sectors  for  the  different  valves.  The  levers 
12  and  16  are  so  regulated  to  the  catch  3  as  to  detain  the  handles  when  the 
levers  are  in  those  positions,  as  is  shown  in  fig.  10.  The  chocks  1  and  2  on  the 
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plug-rod  I,  are  adjusted  so  that  they  will  just  move  the  handles  r  and  s  into  those  §43 
positions,  in  order  that  the  catch  3  may  retain  them  where  the  chocks  leave 
them.  T\"hen  either  of  the  handles  is  released  from  the  catch  3,  the  weight  4 
or  15  belonging  to  that  handle  will  fall,  and  will  open  the  corresponding  pair 
of  valves.  In  that  action  the  weight  has  a  great  advantage  of  leverage  to  lift 
up  the  valves,  as  is  stated,  p.  314. 

The  valves  must  be  opened  and  shut  by  hand  in  order  to  stop  or  start  the 
engine,  or  to  regulate  its  motion ;  and  for  this  purpose,  the  attendant  always 
retains  a  full  control  over  all  the  four  valves,  by  means  of  the  two  handles  r 
and  5,  either  to  open  or  to  shut  either  pair  of  the  valves,  whatever  position  §44 
the  chocks  1  or  2  of  the  plug  may  be  in ;  for  even  when  either  of  these  chocks 
has  moved  the  handle  belonging  to  it,  so  as  to  shut  one  pair  of  valves,  they 
may,  nevertheless,  be  opened  again  immediately  by  the  same  handle,  without 
waiting  for  the  return  or  removal  of  the  chock  fr(»m  that  handle.  This  is  done 
by  moving  the  handle  still  further  in  the  same  direction  as  the  chock  has  just 
moved  it;  for,  when, the  valves  are  shut,  the  short  levers  ont  he  axes  of  the 
handles,  being  in  the  lines  of  their  connecting  rods,  those  levers  will  have  the 
effect  of  opening  the  valves,  when  they  are  turned  in  either  direction  from 
that  position.  In  the  regular  action  of  the  working  gear  when  moved  by  the 
chocks,  the  valves  are  closed  by  the  motion  which  those  chocks  give  to  the 
handles,  and  are  opened  again  by  the  fall  of  the  weights  4  and  15.  Neverthe¬ 
less,  when  the  engine  is  regulated  by  hand,  that  action  may  be  reversed,  if 
required ;  for  the  same  effects  may  be  produced  by  the  contrary  motions  of 
the  handles,  and  then  the  weights  will  tend  to  close  the  valves  instead  of  to 
open  them. 

This  property  of  Mr.  Watt’s  working-gear  is  veiy  important,  for  although 
the  four  valves  are  moved  with  great  certainty  by  the  self-action  of  the 
engine,  stdl  they  always  remain  under  the  control  of  the  attendant,  who  can,  g4g 
at  any  time,  give  either  two  of  the  four  valves,  or  all  the  four,  an  opposite 
position  to  that  which  the  self  action  would  give  them  ;  or  be  can  give  them 
the  same  position,  or  any  intermediate  position,  as  the  case  may  require.” 

(Pages  527  and  528.)  “The  catch  which  Mr.  Watt  used  in  most  of  his  rota¬ 
tive  engines,  during  the  first  ten  years,  is  different  from  the  diagonal  catch 
which  is  described  in  p.  452,  and  represented  at  3,  3,  fig.  10,  plate  xiii. 

The  catch  is  poised  on  a  small  horizontal  axis,  which  is  placed  behind  the  axis 
<  M  of  the  two  handles,  as  is  shown  at  19,  fig.  13.  The  catch  3,  3  stands  in 
an  upright  position,  and  the  end  of  the  lever  12  of  the  axis  t  of  the  upper  §47 
handle  is  adapted  to  lodge  upon  the  upper  end  of  it ;  or  the  end  of  the  lever 
12,  of  the  axis  w  of  the  lower  handle,  is  adapted  to  lodge  beneath  the  lower 
end  of  the  catch,  as  is  shown  in  the  figure ;  but  both  levers  cannot  catch  at 
the  same  time. 

This  catch  is  situated  quite  at  one  side  of  the  working-gear,  in  the  same  relative 
position  as  the  diagonal  catch  3  in  fig.  6,  and  the  axis  19  of  the  catch  extends  all 
across  the  working-gear  ;  a  lever  20  is  fixed  to  that  axis,  at  the  middle  of  its 
length,  and  extends  forward  horizontally,  so  that  the  extremity  is  close  behind 
the  plug-rod  1.  Two  small  chocks  which  are  fixed  at  the  back  of  the  rod  pro-  §4§ 
ject  out  so  much  as  to  intercept  the  extremity  of  the  lever  20 ;  one  of  these 
chocks  lifts  the  end  of  the  lever  20  a  little  up  every  time  that  the  piston  reaches 
the  top  of  its  course,  and  that  removes  the  upper  end  3  of  the  catch  back¬ 
wards,  so  as  to  release  the  lever  12  of  the  upper  handle,  in  order  to  allow  the 
upper  steam-valve,  and  the  lower  exhausting-valve,  to  be  opened  by  their 
weight  4,  as  in  fig.  8.  The  same  motion  of  the  catch  3  brings  the  lower  end 
of  it  forward,  in  order  to  catch  the  €nd  of  the  lever  16,  which  has  been  previ¬ 
ously  placed  in  the  position  shown  in  the  figure  by  the  operation  of  the  chock 
2  of  the  plug-rod  I,  when  it  raises  the  lower  handle  s,  in  order  to  close  the 
lower  steam-valve  e  and  the  upper  exhausting-valve  h.  o  <  o 

As  the  piston  descends,  the  chock  2  quits  the  lower  handle  s,  but  the  lower 
end  of  the  catch  3  will  detain  the  lever  16,  so  as  to  prevent  the  handle  follow¬ 
ing  the  chock,  until  the  piston  arrives  at  the  bottom  of  its  course.  The  chock 
1  of  the  plug  then  depresses  the  upper  handle  r,  so  as  to  close  the  upper 
steam-valve  b  and  the  lower  exhausting-valve  I ;  and,  after  that,  the  small 
chock  at  the  back  of  the  rod  I  depresses  the  end  of  the  lever  20  so  much  as  to 
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move  tlie  lower  end  of  the  catch  3  backwards,  and  then  the  lever  16  becomes 
released,  in  order  that  the  lower  steam-valve  e  and  the  upper  exhausting- valve 
li  may  be  opened  by  their  weight  15,  as  in  fig.  9,  in  order  to  produce  the' 
upward  stroke  of  the  piston.  At  the  same  time,  the  upper  end  of  the  catch 
3  being  brought  forward  beneath  the  end  of  the  lever  12,  will  retain  that  lever 
in  its  position  after  the  chock  1  rises  from  the  upper  handle  r. 

The  operation  of  the  working-gear  with  this  catch  is  precisely  the  same  as 
with  the  diagonal  self-acting  catch,  fig.  10,  in  which  the  action  of  latching  one 
lever  discharges  the  other,  as  already  described,  (p.  452) ;  but  on  the  plan  of 
fig.  13,  the  catch  is  governed  by  the  plug  itself,  independently  of  any  other 
part  of  the  working-gear.  This  kind  of  catch  insures  that  one  pair  of  valves 
shall  be  completely  closed  before  the  otliers  are  opened,  because  the  different 
chocks  on  the  plug-rod  must,  of  necessity,  be  so  regulated  as  that  one  of  the 
handles  of  the  working-gear  shall  be  moved  into  their  required  positions 
before  the  catch  is  moved ;  and  if  this  is  not  the  case,  the  levers  12  or  16  will 
lock  the  catch  fast,  and  prevent  its  motion,  whereby  the  lever  20  will  be 
strained,  or  some  part  of  the  catch  work  will  be  broken.  This  kind  of  catch 
is  incapable  of  retaining  all  the  four  valves  shut  at  the  same  time,  which  is  a 
great  security  against  accidents ;  but  when  the  engine  is  required  to  stand  still, 
the  two  handles  must  be  held  fast  by  means  of  a  short  iron  rod,  with  a  hook 
at  each  end,  and  the  hooks  are  applied  to  the  two  handles,  so  as  to  keep  the 
lower  handle  up  and  the  upper  handle  down.  This  was  thought  an  incon¬ 
venience  by  the  engine-keepers ;  and  also,  if  they  suffered  the  chocks  to  get 
loose  and  out  of  adjustment,  the  catch-work  would  be  broken;  hence  Messrs. 
Boulton  and  Watt  adopted  the  diagonal  self-acting  catch,  fig.  13,  which  is  free 
from  those  minor  inconveniences  ;  but  it  is  liable  to  a  much  more  objectionable 
accident,  for  it  is  capable  of  retaining  all  the  four  valves  closed,  whereby  the 
steam  may  by  accident  be  confined  in  the  cylinder  when  the  engine  is  working 
at  full  speed.” 

(Page  530.)  “  Plunger  weights  foi‘  opening  the  yalyes  are  cylindrical 

weights  of  cast  iron,  which  are  fastened  upon  the  rods  4  and  15  of  the  working- 
gear,  so  that  the  central  line  of  the  weight  corresponds  with  that  of  the  rod. 
Each  plunger  is  fitted  into  a  short  hollow  cylinder,  like  that  of  a  pump-barrel, 
which  is  fixed  down  in  the  condensing  cistern,  beneath  the  water.  The  lower 
end  of  each  bari-el  is  closed,  but  the  bottom  has  a  hole  through  the  centre  of 
it,  which  is  covered  with  a  leathi^r  clack-valve  opening  upwards.  This  clack 
will  admit  the  water  freely  into  the  barrel,  as  the  plunger  weight  is  raised  up¬ 
wards  in  it  -whilst  the  valves  arc  closing;  but  when  the  plunger  is  left  to  fall 
suddenly  by  its  own  weight,  in  order  to  open  the  valves,  the  contained  water 
must  make  its  escape  out  of  the  barrel.  The  plunger  does  not  fill  the  barrel 
very  exactly,  but  a  sufficient  space  is  left  to  allow  the  water  to  squeeze  out 
around  the  plunger  on  all  sides  as  it  descends ;  and  so  much  resistance  is  thus 
opposed  to  the  descent  of  the  plunger,  as  will  give  it  a  suitable  motion  for 
opening  the  valves  quickly,, ^nd  yet  without  noise  ox  oonmis),t^io»  This  method 
allows  tli5^lTffi^ei^Wmghtsto^  inadOlTlTShvy  that  they  can  have  no  chance 
of  sticking,  or  failing  to  open  the  valves  ;  and  yet  they  will  ret  quietly,  and 
without  sliaking  or  deranging  the  wmi'king  gear.” 

They  are  also  described  in  a  public  work  entitled  “  Stu¬ 
art’s  Anecdotes  of  the  Steam  Engine,”  volume  II.,  at  page 
366  ;  that  description  is  as  follows  : — 

(Page  366.)  “The  different  construction  of  Watt’s  valves  required  a  new 
arrangement  of  the  hand-gear  to  move  them.  In  the  atmospheric  engines  the 
weight  or  tumbling  bob  at  the  end  of  the  levers,  called  the  Y  piece,  was  placed 
there,  so  that  its  fall  should  open  the  sliding-valve  or  the  injection- cock  with  a 
jerk.  It  exerted  no  influence  whatever  in  keeping  the  valves  in  their  places, 
at  least  it  was  not  introduced  for  that  purpose.  Watt  also  sometimes  attached 
a  weight  to  the  spanners  Avliieh  opened  or  shut  his  valves.  But  it  was  neces¬ 
sary,  in  some  arrangements  of  these  parts,  that  they  should  be  gradually  shut 
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to  prevent  the  injury  that  would  be  occasioned  by  a  sudden  jerking  of  the  357 
valves  into  their  seats.  This  weight  was  therefore  sometimes  formed  like  a 
piston  which  rose  and  fell  in  a  cylinder  filled  with  water.  The  weights  or 
plungers  were  made  of  cast  iron,  and  cylindrical,  each  fitted  into  a  hollow 
cylinder  placed  in  the  condensing  cistern,  and  covered  with  water.  The 
plunger  is  made  somewhat  less  than  the  barrel,  to  allow  a  small  space,  by 
which,  when  it  descends,  the  water  may  rise  between  it  and  the  barrel.  The 
lower  end  of  each  barrel  is  closed,  except  a  small  hole,  which  is  covered  by  a 
leather  valve  opening  inwards.  When  the  plunger  is  drawn  up,  the  water 
from  the  cistern  flows  through  this  valve  into  the  barrel ;  but  when  the  plunger  358 
descends  the  valve  closes,  and  the  water  which  is  displaced  rises  between  the 
plunger  and  the  barrel,  and  the  resistance  which  is  thus  occasioned  to  the 
descent  of  the  weight  prevents  the  concussion  which  would  be  produced  by 
its  uninterrupted  fall,  and  at  the  same  time  affording  a  means  of  making  the 
weight  sufficiently  heavy  to  open  the  valve.” 

They  ai’e  more  particularly  described  in  these  places,  and 
allusion  is  made  to  the  same  mechanism  elsewhere. 

Q.  Will  you  examine  this  model,  (tin  model  of  Watt’s 
dash-pot,)  and  state  whether  or  not  it  is  a  correct  represen¬ 
tation  of  the  apparatus  for  arresting  the  descent  of  the  valve,  859 
as  described  in  the  books  to  which  von  have  referred  ? 

A.  There  are  the  same  number  of  parts ;  but  I  do  not 
think  the  weight  fits  the  cylinder  as  closely  as  represented. 

Q.  Does  not  the  text  describe  the  proportions  ? 

A.  ^ot  exactly,  but  only  that  there  shall  be  just  sufli- 
cient  space  between  the  plunger  and  the  cylinder  to  permit 
the  water  to  escape  as  rapidly  as  required. 

Q.  The  drawing  gives  the  proportions,  I  suppose  ? 

A.  I  do  not  know.  Tlie  drawing  shows  a  space.  I  do 
not  know  that  it  is  drawn  on  a  scale.  860 

Q.  How  do  you  get  at  the  proportions,  if  neither  the 
text  nor  the  di’awings  give  them  ? 

A.  By  trying  it — to  make  it  descend  just  as  rapidly  as 
required. 

Q.  Does  not  the  descent  of  the  weight  in  that  present  a 
uniform  resistance  from  the  beginning  to  the  end  of  the 
stroke  ? 

A.  It  does,  if  it  does  not  rise  above  the  water,  and  if  the 
bore  of  the  chamber  is  parallel. 

Q.  Is  it  not  intended  to  be  parallel  ? 

A.  It  is  di’awn  so.  861 

Q.  And  is  it  not  intended  to  ofter  a  uniform  resistance  ? 

A.  I  do  not  know  what  the  intention  is. 

Q.  Will  you  swear  that,  as  described  in  the  books  and  as 
represented  in  the  plates,  the  liquid  will  not  present  a  uni¬ 
form  resistance  to  the  descent  of  that  weight  ? 

A.  It  certainly  will  iiot, 

Q.  Is  there  any  secondary  chamber  in  that  apparatus, 
with  an  aperture  through  which  the  fiuid  escapes,  which  is 
gradually  contracted  by  the  descending  weight  ? 

A.  Hot  that  I  know  of.  The  drawing  does  not  show  it. 
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862  On  page  224,  volume  1  of  Tredgold^  near  the  bottom,  it 
says : 


“  The  descent  ot  the  weight  which  opens  a  valve  is  regulated  bj  an  in' 
genious  method  ;  it  either  descends  into,  or  forces  a  piston  into  a  vessel  of 
water  (see  C,  fig.  3,  plate  9,)  while  the  aperture  by  which  the  water  escapes 
from  under  it  may  be  increased  or  diminished  at  pleasure ;  the  weight  there¬ 
fore  acts  with  its  full  force  to  open  the  valve,  but  as  soon  as  it  begins  to  move 
it  is  retarded  by  the  water,  till  it  be  finally  stopped.  During  the  ascent  a 
valve  opens  inwardly,  at  the  bottom  of  the  vessel,  and  therefore  the  engine 
has  not  more  than  the  weight  to  raise  again.” 
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Q.  That,  as  described  there,  is  for  the  purpose  of  opening 
the  valve — is  it  not  ? 

A.  It  is,  in  the  drawing. 

Q.  Is  it  not,  in  the  text  ? 

A.  It  is.  It  is  also  described  as  closing  it ;  but  repre¬ 
sented  in  the  drawing  as  opening  the  valve. 

Q.  Where  is  it  described  as  used  for  closing  ? 

A.  In  Farey^  at  page  457,  where  the  language  is  this,  at 
the  conclusion  of  the  description  of  the  valve-gear  : 

“  Ill  the  regular  action  of  the  working  gear  when  moved  by  the  chocks,  the 
valves  are  closed  by  the  motion  which  those  chocks  give  to  the  handles  ;  and 
are  opened  again  by  the  fall  of  the  weights  4  and  15  ;  nevertheless,  when  the 
engine  is  regulated  by  liand,  that  action  may  be  reversed,  if  required ;  for  the 
same  effects  may  be  produced  by  the  contrary  motions  of  the  handles ;  and 
then  the  weights  will  tend  to  close  the  valves,  instead  of  to  open  them.  This 
property  of  Mr.  W att’s  working  gear  is  very  important ;  for  although  the 
four  valves  are  moved  with  great  certainty  by  the  self-action  of  the  engine, 
still  they  always  remain  under  the  control  of  the  attendant,  who  can  at  any 
time  give  either  two  of  the  four  valves,  or  all  the  four,  an  opposite  position  to 
that  which  the  self-action  would  give  them.” 


Q.  At  any  time  during  the  operation,  is  tlie  valve-stem 
in  any  manner  latclied,  by  a  connection,  with  tlie  plug-tree  ? 

A.  Hot  by  any  rigid  meclianism. 

Q.  Is  it  connected  in  any  way  ? 

A.  I  should  say  there  was  a  mechanical  connection  with 
the  tappets  uiion  the  plug-rod. 

Q.  Is  not  the  valve-rod  and  its  connections  connected 
with  a  latch  having  a  lever  ? 

866  What  do  you  mean  by  the  valve-rod^? 

Q.  Is  there  not  a  rod  by  which  the  valve-stem  is  con¬ 
nected  ? 

A.  It  is  attached  to  a  rocker-arm. 

Q.  Has  not  that  rocker-arm  a  catch  upon  it  ? 

A.  Hot  that  I  know  of. 

Q.  What  holds  the  valve  when  in  an  open  condition  ? 

A.  The  mechanism  further  off. 

Q.  There  is  a  tappet  on  the  plug-tree  which  strikes  this 
catch  and  liberates  it,  and  permits  the  valve  to  be  opened 
with  a  weight  ? 

A.  Yes. 
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Q.  Then,  on  the  return  motion  of  tlie  plug-tree,  there  is  867 
another  tappet,  which  disengages  the  other  catch,  to  permit 
the  valve  to  be  opened  ? 

A.  Do  you  mean  at  the  opposite  end  of  the  cylinder  ? 

Q.  Is  not  the  valve  lifted  in  Tredgold  by  a  descending 
weight  ? 

A.  Yes. 

Q.  Is  there  not  a  catch  which  holds  the  mechanism,  con¬ 
nected  with  it  ? 

A.  Yes,  when  the  valve  is  closed. 

Q.  Then  there  is  a  tappet  upon  the  plug-tree,  which  868 
strikes  out  that  catch  and  permits  the  weight  to  open  the 
valve  ? 

A.  Yes. 

Q.  Is  there  not  another  tappet  upon  that  plug-tree,  which 
operates,  upon  the  return  motion  ? 

A.  Yes,  to  close  it. 

Q.  Between  the  time  of  opening  and  closing,  is  there  any 
connection  between  the  plug-tree  and  the  valve  ? 

A.  There  is  not. 

Q.  Then,  between  the  time  of  closing  and  re-opening,  is  869 
there  any  connection  between  the  plug- tree  and  valve-gear  ? 

A.  There  is  none. 

Q.  Do  you  find  in  the  valve-gear  to  which  you  have  re¬ 
ferred  in  these  books,  an  arrangement  of  mechanism  in 
which  the  rod,  or  mechanism  receiving  motion  from  the 
eccentric,  is  connected  with  the  valve,  and  continues  in  con¬ 
nection  with  it  during  the  operation  of  oj^ening  the  valve, 
and  is  then  liberated  from  it,  to  permit  the  valve  to  close 
by  a  weight  ? 

A.  Tliere  is  no  eccentric  employed.  870 

Q.  Is  there  any  mechanical  equivalent  for  an  eccentric  ? 

A.  No. 


Q.  Is  there  any  wrist-plate  or  connection  to  effect  it  ? 

A.  Not  exactly  a  wrist-plate  ;  but  there  are  rockers. 

Q.  In  any  of  the  valve-^ear  to  which  you  have  referred 
in  these  books,  is  there  an  arrangement  of  mechanism  by 
which  a  rod  of  any  sort,  or  of  any  form,  receiving  motion 
from  the  engine,  is  connected  with  the  valve-stem  in  any 
manner,  during  the  operation  of  opening  the  valve,  and 
then  disconnected  from  it,  to  permit  the  valve  to  close  by  a 
descending  weight  ? 

A.  I  think  the  question,  in  such  general  terms,  would 
embrace  the  description  in  Farey  •  I  think  it  would  em¬ 
brace  the  action  of  the  plug- tree,  where  the  weight  was  al¬ 
lowed  to  close  the  valve,  instead  of  opening  it; 

Q.  Have  you  not  stated  that  in  this  description  there  is 
a  plug-tree,  with  two  tappets  upon  it  ? 

A.  Yes. 
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872  Q.  And  that  one  of  those  tappets  strikes  the  catch,  to  re¬ 
gulate  the  valve  in  closing  it,  and  that  the  other  tappet,  on 
its  return  motion,  strikes  the  return  catch,  to  close  it  ? 

A.  Certainly. 

Q.  Is  there  any  connection  between  that  plug-tree  and 
the  valve-gear  during  the  entire  time  of  opening  the  valve  ? 
A.  Hot  with  that  arrangement. 

Q.  With  any  other  arrangement? 

A.  The  arangement  described  by  Farey,^N\\QYQ  the  valve 
is  described  as  opening  and  closing  by  a  direct  motion  of 

873  the  weight,  would  come  within  the  scope  of  your  question. 
I  had  more  particular  reference  to  this  passage,  which  I 
will  read : 

“  jN'evertheless,  when  the  engine  is  regulated  by  liand,  that  action  may  be 
reversed,  if  required ;  for  the  same  effects  may  be  produced  by  the  contrary 
motions  of  the  handles,  and  then  the  weights  will  tend  to  close  the  valves, 
instead  of  to  open  them.” 

gY4  If^  that  case  the  plug-rod  would  open  the  valve,  and,  if 
the  action  were  reversed,  it  would  trip  it  on  the  reverse 
motion,  and  allow  the  weight  to  close  it. 

Q.  Then  it  is  your  judgment  that  the  plug-tiee,  during 
that  02)eration,  is  in  connection  with  the  mechanism  of  the 
valve,  for  the  purpose  of  closing  it  ? 

A.  It  is,  when  moving  the  valve-gear  ;  I  should  call  it  a 
mechanical  connection. 

Q.  Is  it  by  a  mechanism  having  any  analogy  to  a  catch, 
g^5  latch,  or  hook,  taking  hold  of  the  valve-gear,  or  any  por¬ 
tion  of  the  valve-gear  ? 

A.  It  seems  to  me  to  be  analogous  to  the  catches  em¬ 
ployed  in  each  of  these  machines. 

Q.  How,  sir,  if,  during  the  operation  in  which  the  plug- 
tree  is  opening  the  valve,  the  plug-tree  should,  by  some 
accident,  reverse  its  motion  and  begin  to  descend,  would 
the  plug-tree  be  connected  in  any  manner  with  the  valve- 
gear  ? 

A.  I  think  it  would  ;  it  would  lower  the  valve  back  to 
370  its  seat. 

Q.  Is  there  not  a  tappet  on  there  that  strikes  the  lever, 
and  forces  it  up  in  that  way  ? 

A.  Yes. 

Q.  And  that  you  call  analogous  to  a  catch  or  latch  ? 

A.  Ho,  sir  ;  1  did  not  say  so. 

Q.  Has  it  any  analogy  whatever  ? 

A.  Yes,  because  it  gives  motion  to  it ;  it  has  some  analo¬ 
gy  because  it  gives  motion  to  it,  and  passes  by  and  leaves  it. 


On  being  further  re-examined  by  the  counsel  for  the  de- 
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fendauts,  the  witness,  AVilli.ui  C.  Hiebaud,  testified  as  877 
follows  : 

Q.  Does  the  tin  model  produced  by  the  plaintifis  repre¬ 
sent  the  dash-pot,  as  constructed  by  att  ? 

A.  Yes,  except,  as  I  stated,  I  "think  the  plunger  is  too 
small ;  there  is  too  great  a  space  between  the  plunger  and 
the  inside  of  the  dash-pot ;  it  requires  something  more  than 
that  to  be  complete ;  it  wants  to  be  set  in  a  cistern  of 
water. 

Q.  Does  it  represent  accurately  the  connection  between 
the  inner  reservoir  and  the  outer  reservoir  ? 

A.  There  is  a  valve  here  of  a  little  difterent  form,  but  I  S7S 
do  not  think  there  is  any  material  difierence. 

Q.  Is  this  contrivance  of  TT att  described  in  anv  other 
book  except  Tredgold? 

A.  It  is  described  in  almost  all  the  books  that  treat  on 
the  steam-engine. 

Q.  Will  you  read  the  description  of  it? 

(The  witness  read  from  page  221,  volume  1,  of  Tredgold^ 
as  follows : 


A  weight  w,  sufficient  to  overcome  the  friction  and  open  the  valve,  acts  by  ^  ^ 
a  short  arm  a,  on  the  axis  which  requires  to  be  turned  to  move  the  valve ;  the  i  9 

weight  is  kept  suspended  by  a  spring  catch  b  while  the  valve  is  closed,  and 
when  the  catch  is  disengaged  by  the  handle  c  being  moved  by  the  tappet  d, 
the  valve  opens.  If  the  valve  be  large  it  requires  a  considerable  weight  w  to 
open  it  against  the  pressure  of  the  steam ;  and  in  that  case  either  the  valve 
described  in  article  442,  or  Watt’s  mode  of  relieving  the  pressure,  may  be 
adopted.  It  will  naturally  be  inquired  why  weights  aie  used  to  open  the 
valves,  instead  of  using  the  direct  power  of  the  beam?  The  only  reason  as¬ 
signed  for  so  doing  is,  that  a  weight  opens  a  valve  more  rapidly,  and  the  loss 
by  closing  them  slowly  was  not  quite  so  readily  detected ;  though  the  abso¬ 
lute  loss  is  about  the  same,  and  the  practice  is  becoming  more  common  to 
open  them  by  direct  action.  The  descent  of  the  v/eight  which  opens  a  valve 
is  regulated  by  an  ingenious  method  ;  it  either  descends  into,  or  forces  a  piston 
into  a  vessel  of  water,  (see  C,  fig.  3,  plate  9,)  while  the  aperture  by  which 
the  water  escapes  from  under  it  may  be  increased  or  diminished  at  pleasure ; 
the  weight,  therefore,  acts  with  its  full  force  to  open  the  valve  ;  but  as  soon  as 
it  begins  to  move,  it  is  retarded  by  the  water,  tiU.  it  be  finally  stopped. 

During  the  ascent,  a  valve  opens  inwardly  at  the  bottom  of  the  vessel,  and  /  ggq 
therefore  the  engine  has  not  more  than  the  weight  to  raise  again.) 
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Q.  Wbere  do  you  undei*staiid  that  ajierture  to  be  ifiaced, 
there  referred  to  i 


A.  The  di*awiug  does?  not  show,  and  the  text  does  not 
state,  its  particular  position  in  the  dash-pot  in  which  the 
weight  descends ;  but  from  it>  structure  in  the  drawing  it 
would  be  on  its  side. 

Q.  Where  is  the  valve  situated  as  there  described  as 
openiug  inwardly  ? 

A.  Kear  the  bottom— on  the  side. 
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882  Q.  Where  does  the  language  of  the  text  place  the  valve 
which  opens  inwardly  ? 

A.  Tredgold  does  not  describe  it,  but  it  is  described  in 
Farey. 

Q.  Turn  to  Farey ^  and  look  at  the  description  there  ? 

A.  Tlie  description  of  “  plunging  weights,”  as  they  were 
called,  for  opening  valves,  is  found  on  page  530,  and  the 
language  is  this : 

“  Plunger  weights  for  opening  the  valves  are  cylindrical  weights  of  cast 

883  which  are  fastened  upon  the  rods  4  and  15  of  the  working-gear,  so  that 
the  central  line  of  the  weight  corresponds  with  that  of  the  rod.  Each  plunger 
is  fitted  into  a  short  hollow  cylinder,  like  that  of  a  pump-barrel,  which  is 
fixed  down  in  the  condensing  cistern,  beneath  the  water.  The  lower  end  of 
each  barrel  is  closed,  but  the  bottom  has  a  hole  through  the  centre  of  it,  which 
is  covered  with  a  leather  clack-valve,  which  opens  upwards.  This  clack  will 
admit  the  water  freely  into  the  barrel,  as  the  plunger  weight  is  raised  up¬ 
wards  in  it,  whilst  the  valves  are  closing  ;  but  when  the  plunger  is  left  to  fall' 
suddenly  by  its  own  weight,  in  order  to  open  the  valves,  the  contained  water 
must  make  its  escape  out  of  the  barrel.  The  plunger  does  not  fill  the  barrel 

884  very  exactly,  but  a  sufiScient  space  is  left  to  allow  the  water  to  squeeze  out 
around  the  plunger  on  all  sides,  as  it  descends;  and  so  much  resistance  is 
thus  opposed  to  the  descent  of  the  plunger,  as  will  give  it  a  suitable  motion 
for  opening  the  valves  quickly,  and  yet  without  noise  or  concussion.  This 
method  allows  the  plunger-weights  to  be  made  so  heavy  that  they  can  have 
no  chance  of  sticking,  or  failing  to  open  the  valves ;  and  yet  they  will  act 
quietly,  and  without  shaking  or  deranging  the  working-gear.” 

There  is  also  a  short  allusion  to  it  at  page  366,  voL  2,  of 
Sttmrds  Anecdotes  of  the  Steam-Engine  : 

QQK  *  Watt  also  sometimes  attached  a  weight  to  the  spanners  Avhich  opened  or 
shut  his  valves.  But  it  was  necessary  in  some  arrangements  of  these  parts, 
that  they  should  be  gradually  shut,  to  prevent  the  injury  that  would  be  occa¬ 
sioned  by  a  sudden  jerking  of  the  valves  into  their  seats.  This  weight  was, 
therefore,  sometimes  formed  like  a  piston,  which  rose  and  fell  in  a  cylinder 
filled  with  water.  The  weights,  or  plungers,  were  made  of  cast  iron,  and 
cylindrical,  each  fitted  into  a  hollow  cylinder,  placed  in  the  condensing  cistern, 
and  covered  with  water ;  the  plunger  is  made  somewhat  less  than  the  barrel, 
to  allow  a  small  space,  by  which,  when  it  descends,  the  water  may  rise  be- 
tween  it  and  the  barrel ;  the  lower  end  of  each  barrel  is  closed,  except  a  small 
006  hole,  which  is  covered  by  a  leather  valve,  opening  inwards.  When  the  plunger 
is  drawn  up,  the  water  from  the  cistern  flows  through  this  valve  into  the 
barrel ;  but  when  the  plunger  descends,  the  valve  closes,  and  the  water 
which  is  displaced  rises  between  the  plunger  and  the  barrel,  and  tlie  resist¬ 
ance  which  is  thus  occasioned  to  the  descent  of  the  weight  prevents  the  con¬ 
cussion  which  would  be  produced  by  its  uninterrupted  fall,  and  at  the  same 
time  aflbrding  a  means  of  making  the  weight  sufiiciently  heavy  to  open  the 
valve.” 

Q.  Do  you  lind  any  description  of  the  valve-gearing  with 
ggY  which  this  weight  is  connected,  in  these  books 

A.  It  is  at  the  places  referred  to. 

Q.  When  this  barrel  is  fastened  to  the  bottom  of  the  cis¬ 
tern,  where  must  tlie  aperture  be  for  the  ingress  of  the 
water  ? 
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A.  I  should  think  it  would  have  to  be  from  the  side. 

Q.  And  where  would  he  the  one  which  lets  the  water 
out  ? 

A.  That  would  have  to  be  also  upon  the  side,  if  it  were 
fastened  closely  to  the  bottom  of  the  cistern,  as  shown  in 
the  drawing. 

Q.  Would  the  weight  move  more  rapidly  at  the  com¬ 
mencement  of  its  motion  than  towards  the  close  of  its 
motion  ? 

A.  I  do  not  know  that  it  would  ;  I  think  it  would  com¬ 
mence,  provided  it  were  filled  with  water,  and  the  sides  of 
the  barrel  were  parallel,  from  a  state  of  rest,  accelerate  un¬ 
til  it  got  to  a  constant  motion,  and  then  descend  gradually. 

Q.  Suppose  the  tube  containing  the  water  to  be  partially 
filled  with  water,  and  the  weight  to  be  drawn  out,  or  al-  889 
most  entirely  out,  what  would  be  the  action  of  it  in  its 
descent  ? 

A.  It  would  descend  more  rapidly  at  the  first  part  of  its 
motion  than  at  the  latter  part. 

Q.  Suppose  the  weight  to  be  made  of  a  lengtli  equal  to 
the  distance  of  the  whole  movement  of  it,  and  that  it  be 
drawn  nearly  or  quite  to  the  surface  of  the  water,  leaving 
the  barrel  immersed,  what  would  then  be  the  action  of  it  in 
its  descent  ? 

A.  It  would  accelerate  until  the  friction  became  equal  - 
to  its -gravity,  and  then  it  would  retard  ;  because  the  escape  890 
of  the  water  would  be  retarded  as  the  aperture  for  the 
escape  became  longer,  from  the  plimger  entering  the  barrel 
fiu’ther. 

Q.  Would  it  or  not  move  freely  i 

A.  Yes  ;  but  owing  to  the  increased  friction  of  the  water 
in  escaping,  it  would  retard  its  motion. 

Q.  Whei’e  would  it  begin  to  be  retarded  ? 

A.  I  should  think  somewhere  about  half  its  motion ;  I 
never  have  tried  any  experinient  to  determine  the  point. 

Q.  Suppose  this  cylinder  to  be  raised  from  the  bottom  of 
the  cistern,  and  constructed  as  described  in  Farey^  with  a 
valve  in  the  bottom,  and  as  also  described  in  Tredgold^  891 
with  an  aperture  in  the  side,  which  would  be  covered  by 
the  weight  in  its  descent,  what  would  then  be  the  opera¬ 
tion  ? 

A.  If  the  weight  passed  the  hole,  it  would  offer  an  in¬ 
creased  retardation  to  it,  to  some  extent ;  but  the  plunger 
being  loose  around  it,  it  would  have  less  efiTect. 

Q.  In  that  case,  could  you  or  not  make  a  weight  so  as 
nearly  to  fit  the  cistern  in  which  it  moves  I 

A.  You  could,  if  so  constructed  as  to  make  an  aperture 
to  let  the  water  out. 
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Q.  How  would  the  operation  of  this  weight  and  cylinder, 
892  so  constructed,  compare  with  that  in  the  defendants’ 
machine  ? 


A.  It  would  he  quite  similar,  excej^t  in  the  employment 
of  a  different  kind  of  fluid  to  work  with. 

Q.  Would  there  he  any  other  difference? 

A.  I  do  not  know  that  there  would  he.  There  is  a  dif¬ 
ference  that  is  due  to  the  difference  between  the  fluids  used. 
Where  one  is  used  with  air,  it  is  capable  of  being  applied 
to  purposes  to  which,  if  it  were  used  with  water,  it  could 
not  be. 

Q.  Which  would  be  the  most  advantageous,  water  or  air, 
/  to  be  used  as  I  have  described  ? 
sbs  A.  It  would  depend  upon  the  purpose  to  which  it  was 
f  applied.  If  accurate  adjustment  were  wanted,  water  would 
'  be  the  best ;  but  if  that  were  not  a  consideration,  but 
simply  to  bring  the  Aveight  to  a  state  of  rest,  without  con¬ 
cussion,  I  should  like  the  air  best. 

Q.  I  Avish  to  prove  this  diagram.  Will  you  compare 
this  diagram  with  the  one  in  Tredgold  ? 

A.  It  appears  to  me  to  be  substantially  correct,  Avith  the 
exception  that  tlie  water-line  is  not  high  enough. 

Q.  Will  you  examine  this  model  (of  Watt’s  apparatus)  and 
see  if  it  is  the  apparatus  described  in  Tredgold  and  the 
others  ? 

894  A.  Substantially  it  is. 

Q.  Are  the  connections  in  the  model  accurate  ? 

A.  I  should  think  they  were. 

Q.  Will  you  explain  upon  the  model  how  the  valve  is 
^  opened  and  closed,  and  hoAv  the  plug-tree  acts  upon  the 
/  valve  ? 


[Witness  explained  upon  the  model.] 

Q.  What  is  the  use  of  the  Aveight  in  that  model  ? 

A.  To  draAv  the  A^alve  open  suddenly. 

Q.  What  is  the  object  of  the  reservoir  into  Avhich  the 
Aveight  falls  ? 

A.  To  check  the  descent  of  the  Aveight,  and  prevent  it 
from  making  a  concussion. 

Q.  When  the  valves  Avere  arranged  as  described  in  Stuart 
so  that  the  valves  Avouldbe  suddenly  jerked  into  their  seats, 
Avhat  Avas  then  the  object  of  the  Aveiglit  and  reservoir? 

A.  To  prevent  the  valves  from  making  a  concussion  upon 
their  seats,  as  that  Avould  be  the  surface  bA^  Avhich  their 
movement  would  be  Anally  arrested. 

Q.  Was  it  not  to  prevent  the  slamming  of  the  A^alves  ? 

A.  Yes,  as  I  understand  it  from  Stuart. 

Q.  What  portion  of  that  model  represents  the  spring-catcli 
described  in  Fa/reyf 
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A.  It  is  this  balance-lever,  with  a  spring  acting  upon  it,  896 
which  effects  an  engagement  with  the  catch. 

Q.  During  what  portion  of  the  stroke  is  the  jDlug-tree  in 
connection  with  the  valve-gear  ? 

A.  It  depends  upon  how  the  valve  is  arranged — whether 
to  work  a  full  or  half-stroke. 

Q.  Taking  any  other  condition  ^ 

A.  And  also  whether  the  weight  opens  or  closes  the 
valve.  It  would  be  modified  to  suit  these  conditions. 

Q.  Could  or  not  that  be  adjusted  so  as  to  admit  steam  for 
a  greater  or  less  portion  of  the  stroke  ?  897 

A.  Yes ;  gear  of  that  description  is  shown  in  plate  24  of  ' 
Farey  /  rod  fig.  13  represents  the  rod  by  which  the  tappet 
is  adjusted  to  its  proper  position. 

On  cy^oss-exarained^  the  witness,  AYillia^i 

C.  Hebbaed,  testified  as  follows  : 

Q.  Is  the  representation  on  that  model,  of  the  cylinder 
and  plunger,  to  arrest  the  descending  weight,  a  correct  re¬ 
presentation  from  the  book  ? 

A.  Xo. ;  it  only  represents  its  position  and  external  struc- 
tui’e.  There  is  no  valve  shown  upon  it. 

Q.  Is  there  anything  in  the  text,  or  any  representation  in 
the  plates,  which  indicates  that  the  weight  or  any  portion 
of  the  weight  is  to  be  out  of  the  water  during  any  portion 
of  the  operation  ? 

A.  I  do  not  recollect  that  there  is. 

Q.  In  Farey  and  in  Stuart,  do  you  find  any  other  escape 
for  the  water  during  the  descent  of  the  plunger,  than 
between  the  plunger  and  cylinder  ? 

A.  There  is  none  described,  if  I  recollect  rightly.  399 

Q.  In  the  description  of  Tredgold,  and  in  the  plate,  is 
there  any  aperture  at  the  side  ? 

A.  There  is  not  any  represented. 

Q.  Except  the  one  which  has  the  valve  opening  inward  ? 

A.  That  is  the  only  one  shown  in  the  drawing. 

Q.  Do  you  find  in  the  text,  or  in  the  drawing,  any  of  the 
h}'potheses  that  have  been  put  to  you  in  the  questions,  in  your 
examination-in-chief  ? 

A.  Defer  more  particularly. 

Q.  As  to  the  dash-pot  having  two  apertures  at  the  side  900 
— one  of  which  is  to  be  partly  closed  by  the  descending  of 
the  plunger  ? 

A.  Ido  not  find  any  such  description. 

Q.  Do  you  find  any  description  intimating  that  the 
w’eight  at  the  time  of  starting  is  to  be  nearly  out  of  the 
water,  and  to  be  checked  by  becoming  gradually  im¬ 
mersed  % 

A.  I  do  not. 


901  Q.  Does  the  dash-pot,  as  described  in  either  of  those 
hooks,  operate  substantially  like  the  dash-pot  used  by  the 
defendants — affording  a  free  descent  of  the  weight  during 
the  greater  part  of  its  downward  motion,  and  a  sudden 
checking  at  the  end  of  its  downward  motion  ? 

A.  It  is  not  described  as  so  operating. 

Q.  Does  the  valve-gear  represented  in  that  model,  or  as 
described  in  either  of  the  books  to  which  you  have  referred, 
operate  the  valve  by  a  combination  and  arrangement  of 
mechanism,  substantially  like  that  used  by  the  defendants? 

A.  I  do  not  think  it  does. 

Qii  being  cross-exammed  by  Mr.  Keller^  the  witness, 
Mertoun  C.  Bryant,  testified  as  follows  : 

Q.  In  the  defendants’  engine  at  Youngs  &  Cutter’s,  and 
in  the  brass  rolling  mill,  is  not  this  wrist-plate,  relatively" 
to  these  other  parts,  considerably  lower  down,  so  that  tMs 
arm,  instead  of  inclining  upwards,  inclines  downwards? 

A.  I  think  so. 

Q.  Yow,  I  will  ask  you  whether  at  Youngs  &  Cutter’s 
there  is  any  period  of  the  operation  of  the  engine  in  which 
the  lifter-rods,  or  hook-rods,  as  you  call  them,  make  an  in¬ 
clination  lower  down  towards  the  catch  ? 

A.  I  think  they  do. 

903  Q.  At  the  time  that  the  wrist-plate  is  at  the  highest  point, 
do  not  the  rods  incline  in  an  opposite  direction  to  what  they 
do  in  this  model  ? 

A.  I  do  not  think  they  do. 

Q.  Then  you  think  that  in  this  particular  the  model  is 
correct  ? 

A.  I  think  so. 

Q.  In  the  defendants’  engine  is  not  the  connecting  rod 
to  which  the  weight  is  suspended  made  with  an  adjustable 
nut? 

A.  It  is  made  similar  to  that  shown. 

Q.  I  understood  you  to  testify,  yesterday,  that  Sickels’ 
invention  seems  to  have  been  to  make  an  improvement  on 

904  the  valve-gear  then  in  use  for  working  puppet-valves, 
Where  did  you  derive  this  imt)ression? 

A.  From  information  I  received  in  reading  books  on  the 
state  of  the  arts  at  the  time,  and  in  iiis  own  specification, 
which,  on  the  face  of  it,  does  not  go  any  farther. 

Q.  Did  you  derive  the  impression,  from  reading  Sickels’ 
specification,  that  he  intended  to  limit  his  improvement  to 
the  kind  of  valve-gear  then  used  for  Avorking  puppet- 
valves  ? 

A.  That  is  all  the  apparatus  that  he  describes  in  his 
specification. 

Q.  I  want  to  know  where  you  obtained  the  impression 


183 


that  he  meant  to  limit  his  improvement  to  that  kind  of  valve- 
gear  ? 

A.  From  the  knowledge  that  came  to  me  of  the  state  of 
the  arts  at  that  time,  it  seemed  plain  tliat  detachable  valve- 
gear  for  shifting  and  opening  the  valves  was  not  his  inven¬ 
tion.  because  I  found  it  described  in  other  places.  Sickels’ 
description  takes  up  that,  as  it  were,  and  adds  an  adaptation 
to  it  for  detaching  or  tripping  the  valve.  That  seems  to  be 
the  whole  range  and  intent  to  be  found  in  the  descri]:^ion. 

Q.  Xow,  sir,  from  your  extensive  knowledge  of  the  state 
of  the  steam-eno^ine,  will  vou  tell  me  where  von  find  the 
description  of  a  valve-gear  in  which  the  lifter,  deriving 
motion  from  any  portion  of  the  engine,  is  latched  to  the 
valve-stem  for  the  purpose  of  opening  the  valve,  and  then 
that  connection  broken,  to  permit  the  valve  to  be  closed  by 
a  weio^ht,  while  the  valve- o;ear  continues  its  motion,  and 
returns  to  re-engao^e  the  catch  ( 

A.  I  do  not  know  that  there  is  any  description  tliat  em¬ 
bodies  all  those  combinations. 

Q.  Do  you  not  find  that  combination  in  tlie  defendants’  i 

A.  Xo.  In  the  first  place,  the  defendants  have  no  valve- 
stem,  and  I  do  not  think  they  have  a  lifter.  It  lacks  these  907 
elements  in  the  terms  that  you  speak  of  it.  I  do  not  know 
that  I  can  speak  of  anything  else,  but  vei'v  likely  there 
may  be. 

Q.  Is  there  not  in  the  defendants'  a  rod  which  receives 
motion  ultimatelv  from  the  eccentric,  and  which  is  alter- 
natel^^  connected  with  and  disconnected  from  an  arm  con¬ 
necting  with  the  rocking-shaft  of  the  valve,  by  means  of  a 
spring-latch,  that  the  valve  may  be  liberated  from  that  rod. 
to  be  closed  bv  a  weight,  while  the  rod  continues  its  motion 
and  returns  to  be  re-engaged  i 

A.  All  those  combinations  exist,  but  the  ultimate  point 
of  starting — the  ultimate  motion — is  back  of  the  eccentric. 

Q.  Is  not  the  motion  ultimately,  so  far  as  regards  the 
valve-gear,  derived  f.  om  the  eccentric  i 

A.  Xo,  it  is  not. 

Q.  Where  is  it  derived  from  I 

A.  Part  of  it  is  derived  from  the  eccentric,  ^lart  from  the 
connection  with  the  regulator,  and  part  from  the  weights. 

Q.  Will  you  tell  me  what  motion  of  the  valve-gear  is 
derived  from  the  governor  {  ^  909 

A.  It  is  the  motion  which  unhooks,  limited  and  control¬ 
led,  in  that  wav  derived  from  the  governor. 

^  ^  C* 

Q.  I  want  you  to  point  out  to  me  how  motion  is  commu¬ 
nicated  to  the  hook-rod  or  lifter  by  the  governor  ? 

A.  I  said  that  the  motion  was  derived  from  the  governor. 

I  did  not  say  it  was  communicated  by  the  governor. 
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910  Q.  Will  you  show  to  the  jury  where  it  is  derived  from 
the  governor? 

A.  The  position  of  this  stop  controls  the  movement  of  this 
hook-rod  (explaining  on  the  model  of  the  defendants’  en¬ 
gine.)  The  position  of  stop  is  controlled  from  the  go¬ 
vernor.  Therefore  I  say  the  action  of  the  hook-rod  is  de¬ 
rived  partially  from  the  governor. 

Q.  IS^ow,  sir,  when  the  engine  is  moving  at  uniform  speed, 
do e^  the  governor  move  the  stop  in  any  way? 

A.  It  would  not,  at  uniform  speed. 

911  Q.  Does  the  governor  do  anything  more  than  determine 
the  position  of  the  stops  against  which  the  hook-rods  work  ? 

A.  That  is  the  direct  action  of  the  governor,  to  fix  the 

1  position'. 

\  Q.  Is  there  any  indirect  action  beyond  that  ? 

^  A.  A  great  deal.  The  governor  controls  the  engine 
throughout. 

Q.  Is  not  the  valve-stem  the  stem  or  rod  which  passes 
from  the  valve  through  a  stuffing-box,  to  form  a  connection 

912  with  the  mechanism  which  operates  the  valve  ? 

A.  The  mdve'Stem  is  a  technical  term.  The  rod  which 
runs  through  the  stuffing-box  is  not  necessarily  a  valve- 
stem.  I  iind  that  this  rod  (referring  to  the  model  of 
Watt’s  invention)  is  described  as  being  a  valve-stem,  but  it 
is  not  the  connection  which  extends  out  of  the  steam-chest ; 
for  that  reason,  I  suppose  that  connection  is  not  a  valve- 


stem. 


Q.  Does  not  this  rock-shaft  in  tlie  defendants’  take  hold 
of  and  communicate  motion  to  the  valve  without  the  valve- 

913  chest? 

A.  It  does. 

Q.  Explain  on  the  model  how'  it  does  commimicate  mo¬ 
tion  to  the  valve.  (Witness  illustrated.) 

Q.  Is  not  that  rock-shaft  connected  with  the  valve  for 
the  purpose  of  communicating  motion  to  the  valve  in  the 
steam-chest  ? 

A.  Yes. 

Q.  Is  there  not  upon  that  shaft  an  ai’in  ? 

A.  Yes. 

Q.  Through  which  motion  is  communicated  to  the  rock- 

914  shaft,  and  ultimately  to  the  valve  ? 

T  A.  Yes. 

I  Q.  The  object  of  that  shaft  being  to  communicate  mo- 

i  tion  to  the  valve  within  the  steam-chest,  and  the  object  of 
/  the  stem  in  Sickels’  model  being  to  ‘communicate  motion  to 
/  the  valve  within  the  valve-chest,  are  they  not,  to  that  ex- 
I  tent,  equivalents  for  each  other  ? 

/  A.  If  you  limit  the  operation  to  be  that  thing,  and  make 

I  the  description  of  a  yalye-stem  to  be  that  thing  which 
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communicates  motion  from  the  outside  of  the  steam-chest 
to  the  inside  of  the  steam-chest,  then  they  are  Yalve-stems 
— then  they  are  equivalents. 

Q.  So  far  as  regards  communicating  motion  to  the  valve- 
stem  to  open  and  close  the  valve,  is  not  tJiis  hook-rod  an 
equivalent  for  the  lifter-rod  in  Sickels’  i 

A.  You  state  one  thing  which  I  do  not  consider  to  exist. 
\'ou  state  the  connection  of  the  valve-stem,  and  I  do  not 
consider  that  there  is  any  valve-stem  in  the  defendants’. 

Q.  Is  not  the  hook-rod  in  the  defendants’  machine,  for 
the  puiq)Ose  of  communicating  motion  to  what  you  have 
described  as  the  equivalent  for  the  valve-stem  moving  the 
valve,  an  equivalent  for  the  lifting-rod  described  in  Sickels’ 
patent  ? 

A.  This  matter  of  equivalents  I  consider  as  rather  pecu¬ 
liar,  and  can  onlv  exist,  as  I  think,  either  with  re2:ard  to 
two  things  acting  exactly  in  the  same  manner  or  two  things 
acting  substantially  in  the  same  manner.  A  dollar  may 
be  an  equivalent  for  a  bushel  of  corn  in  the  market,  but  it 
is  not  an  equivalent  if  a  man  has  to  eat  it.  So  the  de¬ 
taching  of  the  hook  in  the  defendants’  is  an  equivalent  for 
the  detaching  of  the  latches  in  the  plaintiffs’  as  a  means  of 
communicating  power  to  tlie  valve.  So  far  they  are  equi¬ 
valent,  and  no  farther. 

Q.  Do  they  not,  in  other  words,  perform  the  same  me¬ 
chanical  office  or  function  of  opening  tlie  valve,  and  per- 
mittiim  the  valve  to  be  liberated,  that  it  mav  be  closed  bv 
a  falhng  weight  i 

A.  There  is  no  doubt  but  that  the  opening  of  the  valves 
in  the  Corliss  engine  is  produced  by  the  engagement  of 
the  hooks,  and  the  valve  is  drawn  over  its  port  by  the  fall- 
iim  of  the  weight.  There  is  no  doubt  but  that  in  Sickels’ 
the  lifting  of  the  valve  is  performed  by  the  spring  engaging 
upon  the  valve-stem,  and  the  falling  of  the  valve  is  pro¬ 
duced  by  the  weight  of  itself  and  the  pressure  of  the  steam. 
So  far,  the  hooks  are  like  the  springs  and  latches. 

Q.  Xow,  sir,  in  mechanics  generally,  in  the  combination 
«jf  machinery,  where  a  particular  office  is  to  be  performed 
by  a  descrilDed  instrument,  and  any  other  will  perform 
the  same  office  in  connection  with  the  others,  and  performs 
other  offices  in  addition — to  the  extent  that  it  performs  the 
same  office,  is  it  not  an  equivalent  for  the  one  for  which  it 
is  substituted  i 

A.  Yes,  so  far  as  it  iroes. 

Q.  Xow,  sir,  in  machinery,  are  there  not  a  great  many 
forms  of  latches  for  effiecting  a  connection  of  one  part  of  a 
piece  of  mechanism  with  another,  some  working  Avith 
springs  and  some  Avith  Aveights  ^ 

A.  There  are. 
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920  Q.  So  far  as  regards  the  mere  office  of  connecting  two 
pieces  of  mechanism,  so  that  they  can  be  disconnected,  is 
the  substitution  of  any  one  of  these  for  another  the  substi¬ 
tution  of  an  equivalent  ? 

A.  That  would  depend  upon  the  objects  to  be  effected. 
Q.  Now,  sir,  as  a  mechanician,  do  you  or  not  know  that, 
without  the  exercise  of  invention,  you  could  take  the  me¬ 
chanism  here  represented  in  Sickels’  model,  and  perform 
precisely  the  operation  that  his  performs,  for  the  purpose  of 
liberating  the  valve-stem  within  any  desired  portion  of  the 
half-stro&,  by  substituting  a  great  variety  of  forms  of 
catches  for  the  kind  of  catches  which  he  here  describes  ? 

A.  I  do  not  think  that  any  one  knows  that  the  substitu¬ 
tion  of  any  other  kind  of  latch  would  accomplish  precise¬ 
ly  the  same  object  as  that  accomplishes. 

Q.  Can  you  imagine  the  substitution  of  any  other  kind 
of  latch  that  would  produce  a  different  result  from  this  ? 

A.  I  could  imagine  that  another  kind  of  latch  would  pro¬ 
duce  a  different  result. 

Q.  What  kind  of  difference 

A.  That  would  depend  upon  what  kind  of  latch  Avas 
used. 

Q.  Suppose  we  substitute  a  weiglited  lever-latch  for  a 
spring-catch,  would  that  vary  the  result  produced  ? 

A.  I  suppose  a  weighted  lever-latch  might  be  adapted, 
in  some  way  or  other,  to  liberate  the  stem  from  the  lifter. 
Q.  And  permit  it  to  re-eugage  ? 

A.  One  form  might  liberate  it  and  permit  it  to  re-engage, 
and  another  might  not. 

Q.  Can  you  conceive  one  that  might  not  ? 

923  A.  I  can  conceive  it. 


Q.  Could  you,  without  invention,  substitute  a  weighted 
lever-catch  for  a  spring-latch  ? 

A.  I  do  not  think  I  could. 

Q.  If  you  could,  would  that  destroy  the  substantial  iden¬ 
tity  of  Sickels’  invention  ? 

A.  I  do  not  think  anything  I  could  do  would  destroy  the 
identity  of  his  combination. 

Q.  AV'hat  experience  have  you  had  in  planning  the  con- 
924  struction  of  or  working  steam-engines  ? 

A.  Not  very  much ;  I  may  say  none  in  the  construction 
of  steam-engines. 

Q.  Have  you  ever  constructed  a  steam-engine 

A.  Never. 

Q.  For  how  long  a  time,  if  any,  have  you  been  engaged 
in  working  steam-engines  ? 

A.  I  never  worked  a  steam-engine  regularly. 

Q.  How  long  have  you  had  steam-engines  under  your 
control  in  any  way  ? 
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A.  For  two  or  three  rears  :  I  have  one  under  mv  control  925 

/  V 

now,  and  that  has  been  so  for  four  years. 

Q.  In  what  establishment  ? 

A.  The  gas-works,  at  Lowell. 

Q.  What  kind  of  an  engine  is  it  { 

A.  It  has  an  upright  cylinder. 

Q.  Have  you  any  other  control  of  it  than  simply  being 
the  superintendent  of  the  gas-works  ? 

A.  Ho,  sir. 

Q.  I  will  ask  vou  whether  the  arrano-ement  of  hook-rods 
and  wrist-plate  represented  in  the  defendants*  model,  can 
be  applied  to  work  j)uppet- valves  ?  926 

A.  I  do  not  know. 

Q.  Would  that  arrangement  effect  it  ?  (producing  a  skele¬ 
ton  model.) 

A.  Explain  what  you  mean. 

Q.  Do  you  not  understand  that  model  ? 

A.  Xo.' 

{2f7\  Keller  explained  the  model  to  the  witness.) 

Q.  The  question  is,  whether  that  does  not  represent  the 
wrist-plate  and  hook-rod  of  the  defendants’  arrangement, 
applied  to  working  puppet-valves  and  tripping  them  { 

A.  It  mav  effect  somethins:  of  that  kind,  but  it  does  not  927 
represent  the  action  of  the  defendants^  hook-rod ;  it  does 
not  act  in  the  same  way  ;  it  rests  u])on  the  stop  for  a  longer 
■  time  than  in  the  defendants'. 

Q.  Will  vou  swear  that  it  is  substantiallv  different  for 
that  reason  ? 

A.  Yes;  1  conceive  it  to  be  so. 

Q.  Will  you  swear  that  this  inclination  of  the  hook  to 
the  line  of  that  stem  is  not  as  great  as  the  inclination  in  the 
engine  at  Youngs  A  Cutter's  i 

A.  I  will  not  make  anv  statement,  one  wav  or  the  other.  928 

* 

Q.  Do  you  think  that  by  the  hook-rod  and  the  wrist-plate 
in  the  defendants’  model,  you  would  be  able  to  work  pup¬ 
pet-valves  by  such  a  connection  as  is  represented  here — this 
representing  the  stem  of  the  puppet-valve,  and  this  the 
rocking  motion  of  the  defendants’  valves  ( 

A.  I  have  no  doubt  that  puppet-valves  miglit  be  con¬ 
nected  to  a  thing  like  this,  and  let  to  trip. 

Q.  Is  not  that  all  that  is  necessarv  to  woj-k  tlie  cut-off*  ( 

_  • 

A.  There  are  other  thing's.  929 

Q.  What  other  things  ( 

A.  It  must  be  lifted  to  a  certain  position. 

Q.  Will  not  the  sliding  stop  determine  that  position  i 
A.  That  depends  upon  how  the  pares  are  arranged. 

Q.  Can  you  arrange  them  as  in  the  defendants’,  and  regu¬ 
late  them  in  the  same  wav  ? 

t/ 

A.  Y erv  likely  you  may. 

«■  4/  V  V 
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980  Q.  Can  not  you  imagine  an  arm  attached  to  tlie  rock- 
shaft  of  the  defendants’  valve,  and  jointed  to  the  stem  of  a 
piij)pet-valve,  so  as  to  lift  the  pnp]:)et-valve,  and  wlien  the 
latch  is  liberated  to  permit  the  valve  to  drop  ? 

A.  Such  a  thing  might  he  done;  I  cannot  say. 

Q.  Did  not  that  (representation  of  Watt’s  invention)  work 
puppet-valves  ? 

A.  'No  doubt  but  what  it  did. 

Q.  Did  you  ever  see  it  work  ? 

A.  Ko,  sir. 

Q.  Then  how  can  you  judge  whether  it  did  or  not? 

981  A.  From  the  description  in  the  books. 

Q.  Is  it  merely  from  the  judgment  of  the  author,  or  from 
your  own  that  you  determine  it  ? 

A.  I  take  the  statements  of  men  acquainted  with  these 
matters  to  be  facts,  unless  something  is  sliown  to  the  con¬ 
trary. 

Q.  Now,  sir,  assuming  this  rod  to  represent  the  lifter, 
and  this  the  stem  of  the  pup])et-valve,  and  here  a  weighted 
lever-catch,  would  not  that  lift  the  valve  and  trip  it  and 
permit  it  to  descend  ? 

932  A.  I  think  it  would. 

Q.  Would  the  substitution  of  that  weighted  lever-catch 
for  the  spring-lever-catch  in  the  defendants’,  cliange  the 
substantial  identity  of  the  defendants’  ? 

A.  It  would  be  very  likely  to. 

Q.  Would  it  or  not  ? 

A.  I  cannot  say. 

Q.  Does  the  catch  in  Sickels’  arrangement  perform  any 
other  office  than  that  of  hooking  and  unhooking  ? 

A.  Yes  ;  it  peiforms  the  office  of  going  around. 

933  Q-  Is  there  any  other  office  that  it  performs,  so  far  as  re¬ 
gards  cutting  off  anywhere  within  half-stroke  ? 

A.  I  do  not  think  there  is  any  otlier. 

Q.  Then,  would  not  this  weiglited  lever-catch  be  an 
equivalent,  so  far  as  that  goes  ? 

A.  In  disengaging  the  weight,  I  would  consider  them 
substantially  the  same. 

Q.  I  want  to  know  whether  it  would  be  substantially  the 
same  combination  as  that  found  in  Sickels’,  so  far  as  the  ad- 

98q  justment  of  the  cut-off  within  half-stroke  goes? 

A.  I  do  not  think  it  would  be  the  same  combination. 

Q.  Would  the  substitution  of  one  for  the  other  I’equire 
the  exercise  of  invention  ? 

A.  I  think  it  would,  if  it  had  never  been  known  before. 

Q.  Would  it  destroy  the  substantial  identity  of  the  ori¬ 
ginal  combination  ? 

A.  I  do  not  know  that  it  would  have  any  effect  upon  the 
original  combination. 
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Q.  You  stated,  that  one  of  the  essential  properties  of 
Sickels’,  was  its  capacity  to  cut  off  beyond  half-stroke ;  if 
you  fill  up  the  space  between  the  two  wedges  in  the  ad¬ 
justable  sliding  piece,  would  it  then  be  capable  of  cutting- 
off  beyond  half-stroke  ? 

A.  If  that  is  all  the  alteration  you  made,  it  would  not  ? 

Q.  Would  that  destroy  tlie  substantial  identity  of  Sickels’ 
invention  ? 

A.  I  do  not  think  that  any  change  you  made  would  des¬ 
troy  the  substantial  identity  of  an  invention. 

Q.  With  that  alteration,  would  it  continue  to  be  substan¬ 
tially  the  same  ? 

A.  So  far  as  it  went,  it  would. 

Q.  Then,  why  did  you  testify  yesterday  that  the  capa¬ 
city  to  reverse  was  an  essential  part  of  the  combination  ? 

A.  That  is  part  of  the  combination  ;  witliout  that,  you 
have  not  the  whole  of  it. 

Q.  If  you  had  this  apparatus  just  as  it  is  represented  in 
Sickels’  model,  on  a  steam-engine,  and  you  never  reversed 
the  adjustable  piece,  but  used  it  entirely  to  cut  off  within 
half-stroke,  do  you  think  you  would  be  using  Sickels’  in¬ 
vention,  or  some  other  invention  ? 

A.  I  thinlv  you  would  be  using  Sickels’  invention. 

Q.  is  ow,  sir,  you  have  stated  that  tlie  defendants’  cannot 
cut  off  beyond  half-stroke ;  suppose,  by  an  addition  to  it,  it 
could  cut  off  beyond  half-stroke,  would  that  make  the  ar¬ 
rangement  substantially  different  ? 

A.  A  combination  may  be  said  to  consist  of  a  number  of 
parts ;  if  you  add  one,  it  does  not  alter  the  combination ;  if 
you  take  one  from  them,  it  does. 

Q.  Would  that  addition  destroy  the  identity  of  the  de¬ 
fendants’  combination  ? 

A.  ISTo,  it  would  not. 

Q.  If  you  have  a  throttle-valve  applied  to  a  steam- 
engine,  to  be  adjusted  by  hand,  to  regulate  the  amount  of 
steam  to  be  admitted  to  the  steam-valve,  and  you  adapt  the 
governor  to  it,  so  as  to  render  it  automatic,  does  that  des¬ 
troy  the  original  combination  of  the  throttle-valve  with  the 
engine,  or  is  it  an  improvement  added  to  it  ? 

A.  I  do  not  think  it  would  destroy  the  combination ;  it 
would  be  an  improvement  added  to  it. 

Q.  Is  this  arrangement  of  cut-ofi',  which  comes  from  the 
De  Laine  Mills,  substantially  the  same  arrangement  and 
combination  as  is  described  in  Sickels’  patent  ? 

A.  So  far  as  it  goes,  it  is  ;  it  has  not  the  combination  to 
effect  the  cut  oft"  beyond  hall-stroke. 

Q.  You  stated  that  there  were  indications  of  considerable 
wear  upon  this  rod ;  do  you  know  whether  it  was  produced 
by  the  actual  working  of  the  engine  ? 
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940  A.  I  do  not  know  anything  about  it,  except  that  it  ap¬ 
pears  to  be  worn. 

Q.  Judging  from  the  size  of  these  valves,  what  would 
you  think  the  power  of  the  engine  to  which  they  belonged? 

A.  I  should  not  be  able  to  judge. 

Q.  Is  there  any  more  power  required  to  disengage  the 
valve  than  what  is  necessary  to  overcome  tlie  tension  of  the 
spring  and  the  friction  due  to  the  weight  of  the  valve  rest¬ 
ing  upon  the  catch  ? 

A.  Yes,  there  is  also  friction  between  the  catch  aiid  the 

941  lifter,  which  has  to  be  overcome. 

Q.  Is  it  not  a  rule  in  mechanics,  that  friction  is  as  the 
weight,  and  not  as  the  surfaces  in  contact  ? 

A.  The  friction  on  a  surface  that  is  not  sufficiently  small 
to  abrade  or  tear,  is  measured  bv  the  weight  and  not  bv  the 
suriace. 

Q.  TIow,  sir,  as  a  question  in  steam-engines,  is  not  the 
weight  that  you  see  here  used  for  closing  the  valves  in  the 
defendants’  engine  greater  than  the  amount  of  weight  to 

942  close  the  valves  in  that  connection  resting  upon  a  spring  ? 
A.  A  pair  of  steelyards  would  tell  you  better  than  I. 

Q.  As  a  general  rule  in  steam-engines,  does  it  not  require 

less  power  to  operate  tlie  balanced  puppet-valve  than  it 
does  to  work  the  slide-valve  for  a  given  area  of  steam-port  ? 
A.  It  would  depend  upon  the  construction  of  both. 

Q.  Assuming  that  it  does  require  less  power  to  open 
balanced  puppet-valves  than  it  does  to  open  the  slide-valves, 
would  not  as  much  power  be  required  to  disengage  the 
catch  on  the  defendants’  as  on  the  plaintiffs’  taking  in  view 
the  weight  on  both  ? 

A.  I  cannot  answer,  without  sufficient  grounds  to  base  my 
statement  upon. 

Q.  Upon  what  foundation,  then,  did  you  testify  that  it 
required  more  power  to  unlatch  Sickels’  Anilve-stem  than  it 
did  to  unlatch  the  defendants’  ? 

A.  The  force  acting  upon  the  wedges  was  in  my  mind  at 
the  time. 

Q.  That  wedge  is  simply  to  disengage  the  latch,  is  it 
not  ? 

A.  Yes ;  and  it  has  to  keep  it  in  engagement  part  of  the 
time. 
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Q.  At  the  time  of  unlatching  ? 

A.  No. 

Q.  Did  not  my  question  relate  to  the  operation  of  un¬ 
latching  ? 

A.  Then  I  misunderstood  it.  The  wedges  act  upon  the 
spring,  which  tends  to  separate  the  ends  of  the  spring 
between  the  valve-stem  and  the  wedges,  and  requires  a  cer¬ 
tain  amount  of  tension,  and  as  it  goes  on  that  tension  in- 
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creases.  When  the  tension  is  great  enough,  the  springs  'vvill  945 
he  tliroT^ni  out  of  the  notch  in  the  valve-stem. 

Q.  Su])pose  it  is  rigid,  like  that  in  this  (De  Laine)  en¬ 
gine,  will  the  wedge,  acting  upon  that,  exert  any  greater 
mechanical  force  than  is  required  to  be  exerted  upon  the 
defendants’,  to  disengage  the  catch  ? 

A.  If  the  two  surfaces  are  alike,  move  at  the  same 
velocitv,  and  have  the  same  weight,  there  would  be  no  dif- 
ference. 

Q.  Xow,  sir,  with  reference  to  the  governor,  you  have 
stated  that  the  defendants’  combination  and  arrangement 
was  substantial! V  different  from  Sickels’,  among  other  rea-  946 
sons,  because,  in  the  defendants’,  the  adjustability  of  the 
cut-off  is  determined  bv  the  governor — I  want  to  knoAV 
whether  that  is  an  improvement  added  to  the  original  com¬ 
bination,  or  whether  it  destrovs  the  original  combination  ? 

A.  If  it  previously  had  a  combination  without  that  rod 
being  connected  with  the  governor,  it  is  certainlv  an  ad- 
dition.  It  does  not  destrov  what  was  there  before. 

A. 

Q.  J^^uppose  you  take  Sickels’  arrangement,  and  throw 
awav  the  set  screw  of  the  adiustable  sliding  piece,  bv  which 
it  is  fastened  in  any  particular  position  required,  and  sub-  947 
stitute  a  slide  with  an  inclined  groove,  having  an  inclina¬ 
tion  corresponding  to  the  inclination  of  the  wedges  on  the 
sliding  rod  of  the  defendant-’  arrangement,  and  you  con¬ 
nect  that  slide  with  the  governor,  to  be  operated  by  the 
governor, — would  Sickels’  arrangement  then  be  regulated 
by  the  governor  in  determining  the  point  of  cut-off? — 
Would  that  destroy  Sickels’  original  combination  ? 

A.  It  would  destrov  the  combination  as  he  has  de- 
scribed  it — taking  awav  that  set  screw. 

Q.  Throwing  aside  his  description,  and  taking  this  94S 
model,  —  would  the  alteration  that  I  have  pointed  out 
destroy  the  substantial  identity  of  the  combination  repre¬ 
sented  in  this  model 

A.  It  would  certainlv.  It  would  make  a  thing  that 
would  not  operate. 

Q.  Would  it  not  regulate  bv  the  governor,  with  the  sub- 
stitution  that  I  have  made  for  the  screw '? 

A.  I  do  not  think  it  would  work  etfectivelv,  because  I  do 
not  think  it  is  adapted  to  the  governor.  The  governor  must  949 
have  a  free  chance  to  act.  When  these  springs  are  in  con¬ 
tact  with  the  wedges,  then  the  governor  is  confined  bv  them, 
and  as  soon  as  released  would  be  likelv  to  run  bv  its 

«.  t 

proper  limit. 

Q.  When  these  hook-rods  are  in  contact  with  the  ad¬ 
justable  stop  in  the  defendants.’  is  the  governor  free  to  open 
then? 

A.  Xo. 
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Q.  Then  the  nioment  the  hook-rods  are  disengaged,  and 
the  governor  asserts  freedom  of  action,  would  it  not  then 
take  its  proper  position  to  indicate  the  speed  of  the  engine 
I  want  to  know  first,  whether  the  governor  is  free  to  move 
when  the  hook-rods  are  being  disengaged ;  and,  secondly, 
whether  the  governor  is  not  free  to  move  when  the  catches 
have  been  disengaged  ? 

A.  Yes. 

Q.  IN^ow,  I  want  to  know  wdiether,  in  the  plaintifis’,  under 
the  arrangement  in  connection  with  the  governor,  the  go¬ 
vernor  will  not  be  free  to  operate  after  the  catches  have 
been  disengaged,  and  whether  it  wdll  be  checked  in  its  ope¬ 
ration  for  any  longer  time  than  is  necessary  to  disengage 
the  catches  ? 

A.  In  that  arrangement,  you  cannot  disengage  them  so 
(pnckly. 

Q.  During  what  portion  of  the  time  required  for  one 
stroke  of  the  engine,  in  the  defendants’,  are  the  stops  in  con¬ 
tact  with  the  hook-rod? 

A.  I  should  not  think  more  than  one-twentieth. 

Q.  ATOl  you  swear  that  it  is  as  little  as  one-twentieth  ? 

A.  No. 

Q.  What  proportion  of  the  stroke  would  it  require  in 
Sickels’  engine  to  disengage  the  latch  ^rith  this  wedge  ? 

A.  I  would  think,  from  the  appearance  there,  that  the 
latch  was  in  connection  with  the  wedges  three-quarters  of 
an  inch,  and  that  the  valves  were  raised  about  three  inches ; 
that  would  make  about  one-quarter  of  the  time,  within  the 
half-stroke — one-eighth  of  the  entire  stroke. 

Q.  Now,  just  look  at  this  model  and  see  if  you  have  not 
under-estimated  the  time  required  to  efiect  the  cut-ofi*  in 
tlie  defendants’  machine — is  it  as  little  as  one-twentieth  ? 


A.  I  cannot  say.  Just  as  quick  as  the  stop  comes  in  con¬ 
tact  with  the  wxdge,  the  engagement  seems  to  take  j)lace. 

Q.  Does  not  the  length  of  time  required  to  disengage  the 
catch  depend  upon  the  leverage  of  the  catch  upon  each  side 
of  the  fulci'iim  ? 

A.  If  the  angular  velocity  of  the  lever  is  the  same,  it 
would  be  unlatched  in  the  same  time. 

Q.  Now,  sir,  as  to  the  dash-pot.  You  liave  stated,  among 
other  things,  that  the  defendants’  engine  can  work  by  a 
954  loose  connection  between  the  weight  and  the  arm  of  the 
valve  and  the  rock-shaft.  How  long  did  von  see  it  work- 
ing  in  that  way  ? 

A.  I  should  say  ten  or  fifteen  minutes. 

Q.  Do  you  know  whether  the  same  thing  can  be  done  in 
Sickels’  ? 

A.  I  do  not  know  whether  it  could  or  not. 

Q.  Did  you  not  swear  yesterday  that  it  could  not  ? 
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A.  Very  likely  I  did.  955 

Q.  I  will  ask  yon  now  for  a  revision.  Can  the  plunger 
of  the  dash-pot  be  connected  with  the  puppet-valve  by 
means  of  a  loose  connection,  and  prevent  the  slamming  of 
the  valve  ? 

A.  If  the  question  is  whether  the  dash-pot  can  be  con¬ 
nected  with  the  valves,  to  prevent  their  slamming,  I  sup¬ 
pose  there  might  be  some  way. 

Q.  iSTow,  taking  this  arrangement,  ^h^  He  Laine  engine,) 
suppose  you  connect  a  chain  from  there  to  the  stem  near 
the  valve,  when  the  lifter  with  its  catch  lifts  this,  will  it  95b 
not  lift  the  dasher  in  the  dash-pot  above,  and  at  the  satne 
time  lift  the  valve,  and,  when  the  valve  descends,  will  it 
not  form  a  tight  connection  between  the  valve  and  the 
dash-pot,  so  that  the  dasher  will  arrest  the  descent  of  the 
valve  as  effectually  as  with  a  rigid  connection  i 

A.  iSTo  doubt  von  can  make  a  connection  in  that  wav. 

Q.  You  stated  yesterday,  and  gave  ns  as  an  illustration 
of  the  sensitiveness  of  the  lever,  the  action  of  piano-keys. 

Did  you,  at  the  time  of  speaking  of  this  delicate  instrument 
for  ladies’  fingers,  imagine  a  weight  of  the  size  of  that  (de¬ 
fendants’  plunger)  hanging  upon  the  end  of  the  piano-  957 
kevs  ? 

A.  A  o. 

Q.  Do  you  think  Hercules  would  have  had  strength 
enough  in  liis  fingers  to  play  a  piano  with  such  weights  { 

A.  If  he  were  as  strong  as  they  say  he  was,  I  suppose  he 
]  night. 

Q.  How,  sir,  while  we  are  upon  these  delicate  weights — 
you  spoke  of  an  arrangement  or  experiment  that  you  saw 
tried,  with  carpets  and  leather  put  at  the  bottom  of  that 
pot,  instead  of  the  air.  Do  }'Ou  think  that  that  would  be 
practical  for  the  continued  action  of  an  engine  t  95S 

A.  Yes. 

Q.  Do  not  these  weights  thump  96  times  per  minute,  or 
twice  for  each  revolution  ? 

A.  Yes,  twice  each  revolution. 

Q.  (liaising  the  weight  and  allowing  it  to  fall  on  souie 
carpeting,)  do  you  think  that  would  do  for  a  practical  work¬ 
ing  engine  ? 

A.  Yes,  sir.  Supposing  that  the  thumping  operation  is 
not  carried  to  any  other  part  of  the  engine,  it  would  not  959 
afiect  the  working  of  the  engine. 

Q.  How  much  caiq^et  would  be  consumed  in  the  course 
of  a  year  with  that  sort  of  thumj)ing  { 

A.  I  never  entered  into  the  calculation. 

Q.  How  long  would  it  take  leather  to  present  as  great  a 
resistance  as  solid  iron,  when  under  the  operation  of  this 
thumping  weight  \ 
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A.  Probably  something  over  a  thousand  years.  I  do  not 
know  how  much  more. 

Q.  That  you  will  testify  to,  under  your  oath  ? 

A.  Yes.  I  do  not  think  it  wmiild  ever  become  so  hard  as 
iron. 

Q.  Let  us  come  back  to  the  dash-pot  used  by  the  defend¬ 
ants  in  the  actual  working  of  the  engine.  Do  you  not  find 
in  that  an  aperture  which,  by  the  descent  of  the  weight,  is 
gradually  contracted  to  check  the  escape  of  the  fluid  ? 

A.  Yes. 

Q.  Is  it  not  the  same  in  Sickels’  ? 

A.  The  aperture  for  the  discharge  is  gradually  contracted 
in  Sickels’. 

Q.  In  both  do  you  not  find  that  the  weight  descends 
through  the  greater  portion  of  its  motion  wfithout  serious 
obstruction  from  the  fluid  employed,  and  that,  towards  the 
end,  by  the  gradual  contraction  of  the  aperture  through 
which  the  fluid  passes,  that  fluid  presents  a  rapid  check  or 
resistance  to  the  downward  motion  ? 

A.  I  do  not  think  that,  in  the  defendants’,  is  due  to  tlie 
escape  of  the  fluid.  The  fluid  in  the  defendants’  does  not 
962  escape  freely.  It  is  governed  or  controlled  by  a  set  screw, 
which  regulates  the  descent  of  the  weight. 

Q.  JSTow,  putting  that  screw  out  of  the  way,  answer  my 
question  ? 

A.  When  it  is  taken  away,  still  there  is  resistance  there 


which  would  check  the  weight  in  falling,  more  than  it 
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would  in  open  space. 

Q.  Is  there  not  water  in  the  other  to  check  it,  more  than 
it  would  be  in  open  space  ? 

A.  Yes. 

Q.  Cannot  you  answer  me  now,  whether  in  both  the 
weight  does  not  descend  rapidly  by  the  free  discharge  or 
escape  of  fluid,  and  is  then  checked  at  the  end  of  its  down¬ 
ward  motion,  by  confining  the  fluid  gradually  by  the  con¬ 
traction  of  the  aperture  ? 

A.  Yes,  as  you  have  described  it,  I  think  the  same 
action  takes  place  in  both. 

Q.  If  you  were  to  take  the  dash-pot  just  exactly  as  it  's 
described  in  Sickels’  patent,  and  substitute  it  for  the  air- 
dash-pot  in  the  defendants’  engine,  would  it  not  answer 
just  as  well  to  govern  the  closing  of  the  valve  and  prevent 
the  slamming  of  the  weight,  as  the  air-dash-pot  used  b}' 
the  defendants  ? 

A .  I  think  it  would.  I  think  a  great  many  other  things 
would  answer  just  the  same. 

Q.  In  that  case,  would  that  part  of  Sickels’  invention  be 
substantially  used  by  the  defendants  ? 
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A.  If  it  were  put  there,  it  would.  I  do  not  think  it  961 
would  he  used  for  substantially  the  same  purpose. 

Q.  W ould  it  not  regulate  the  closing  of  the  valve  ? 

A.  Xo. 

Q.  What  would  regulate  the  closing  of  the  valve  there  ? 

A.  The  falling  of  tEe  weight. 

Q.  What  is  it  that  stops  the  valve? 

A.  It  is  not  stopped  until  after  it  is  closed. 

Q.  As  long  as  it  is  in  connection  with  that  weight,  what 
is  it  that^^s  the  valve  ? 

A.  Tliemction  of  the  valve-surface.  965 

Q.  Suppose  the  weight  to  be  there  for  the  legitimate  pur¬ 
pose  of  closing  the  valve,  and  you  take  away  all  support 
from  under  that  weight,  what  would  regulate  the  stopping 
of  the  valve? 

A.  As  long  as  the  weight  is  attached  to  the  valve,  it  has 
sufficient  force  to  move  it.  As  lons^  as  the  weis^ht  is  in 
motion,  the  valve  will  follow  it ;  but  as  quickly  ^s  the 
effect  of  the  weight  is  taken  off*,  the  valve  will  stop. 

Q.  Does  not  that  which  regulates  the  stopping  of  tlie 
weight  regulate  the  stopping  of  the  valve  ( 

A.  As  it  is  arranged,  the  weight  falls  to  a  certain  posi¬ 
tion,  and  carries  the  valve  with  it. 

Q.  Answer  my  question.  Does  not  the  stopping  of  the 
weight  regulate  the  stopping  of  the  valve,  in  the  coimec- 
tions  found  in  the  defendants’  engine  ? 

A.  Yes,  I  think  it  does. 

Q.  Xow,  a  few  words  with  reference  to  the  wire-drawing 
of  steam.  You  stated  that  in  the  working  of  the  defend¬ 
ants’  engine,  you  foimd,  immediately  after  the  opening  of 
the  valve,  if  I  understood  you  correctly,  a  pressure  on  the  967 
cylinder,  indicating  2  lbs.  less  than  tlie  steam  in  the  boiler. 

Am  I  correct  ? 

A.  Within  2  lbs. 

Q.  Did  it  reach  2  lbs.  ? 

A.  I  do  not  think  it  did. 

Q.  W as  it  far  from  it  ? 

A.  It  varied  at  different  times. 

Q.  Was  it  ever  as  much  as  2  lbs.  ? 

A.  I  do  not  think  it  was. 

Q.  How  far  from  two  pounds  was  the  ultimate  ?  968 

A.  I  did  not  remark  the  figures.  I  remember  I  took  it 
in  my  mind,  and  it  was  less  than  two  lbs. 

Q.  By  what  means  did  you  test  it  ? 

A.  By  pressure  guages. 

Q.  Whose  pressui’e  guage  ? 

A.  I  do  not  know  whose  it  was. 

Q.  Are  you  in  the  habit  of  testing  pressures  without 
knowing  the  instruments? 
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969  A.  I  took  the  same  instrument,  and  apj^lied  it  in  two 
different  places. 

[The  witness  here  said  that  he  wished  to  correct  his 
former  answer.  It  was  not  the  same  instrument  which  they 
used,  to  test  the  pressure  of  steam  in  different  parts  of  the 
engine,  but  two  different  guages  were  used,  and  compared 
with  each  other  to  test  their  accuracv.l 

Q.  Have  you  ever  tested  the  relative  pressure  of-  the 
steam  in  the  cylinder  immediately  on  the  starting  of  the 
piston,  with  a  puppet-valve  engine,  and  the  pressui-e  in  the 

970  ])oiler'^ 

A.  Ao. 
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Q.  Can  you  testify  that  Corliss’  engine  indicates  less 
Avire-drawing  tlian  avouM  Iac  produced  by  a  puppet-vah^e 
engine  ? 

A.  Ao.  I  cannot  testify  as  to  my  own  knoAvledge. 

Q.  Is  it  not  a  fact  that  the  puppet-valve,  for  a  given 
amounf  of  motion  and  a  given  area  of  steam-port,’  will 
present  a  larger  area  of  opening  than  either  the  rotating  or 
sliding-valve  ? 

A.  It  would  depend  upon  how  the  sliding  or  rotating 
A^aAe  Avas  made — it  Avoiild  depend  upon  the  length  of  its 
(Opening. 

Q.  Assume  this  vah^e  (presenting  a  model)  to  be  the 
same  area  as  that  aperture,  and  the  valve  to  move  one- 
eighth  of  an  inch  over  the  edge  of  that  port,  Avill  it  pre¬ 
sent  as  large  an  area  for  the  passage  of  steam  as  if  it  be 
lifted  up  from  the  surface  one-eighth  ? 

A.  Ao. 

Q.  Then,  sir,  in  view  of  that,  explain  hoAv  the  slide-valve, 
in  any  form,  presents  as  large  an  area  of  opening  as  the 
pujDpet-vahm  for  a  given  amount  of  motion  ? 

A.  It  all  depends  upon  the  lengtli  of  the  opening — the 
length  in  proportion  to  the  motion.  In  that,  if  that  were 
half  as  long  as  it  is  now,  the  same  amount  of  motion  Avould 
open  half  as  much  space ;  and,  if  ten  times  as  long,  the  same 
amount  of  motion  avouM  open  ten  times  as  much  space. 
When  the  j^uppet-valve  is  lifted  from  its  seat,  the  circum¬ 
ference  of  the  A^alve  is  a  certain  length.  If  you  raise  it 
half  an  inch,  then  you  make  an  opening  into  it  equal  to 
the  area  of  an  eighth  of  an  inch  by  its  circumference.  If 
this  (in  the  model)  Avere  as  long  as  the  circumference  of 
the  ]3^q^pet-A^alve,  you  move  it  an  eighth  of  an  inch. 

Q.  I  am  assuming  a  form  Avithin  the  limits  of  reasonable 
mechanical  construction.  I  Avill  take  an  aperture  tAvice  the 
length  of  this,  and  half  as  narrow  as  this  is,  Avhich  Avill 
present  the  same  amount  of  area,  and  the  Auilve  to  be  of 
the  exact  form  of  that  area.  Aow,  then,  AAdien  you  slide 
the  A^ah^e  oA^er  that  one-eighth  of  an  inch,  Avill  that  present 
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as  large  an  amount  of  area  as  if  you  lifted  it  up  from  the 
surface  an  eighth  of  an  inch  ? 

A.  Xo. 

Q.  Carrying  that  proposition  to  any  extent,  do  you  do 
anything  more  than  change  the  degree  of  difierence  ? 

A.  The  degree  of  difierence  het\yeen  y'hat  ? 

Q.  Between  the  yalye  that  lifts  trom  its  seat  and  the 
yalye  that  slides  oyer  its  aperture  ? 

A.  Just  exactly  the  same. 

Q.  In  yiew  of  that,  is  there  the  same  necessity  for  giying 
a  rapidity  to  the  yalye  in  opening  the  port  at  the  start  of 
the  engine,  when  working  with  puppet-yalyes,  as  there  is 
with  a  rotating  or  slide-yalye  ? 

A.  K  that  was  all  the  point  about  it,  there  would  not  be 
any  more  necessity. 

Q.  Do  you  find  anything  in  Sickels’  patent  which  calls 
for  any  inyention  in  the  mode  of  opening  the  yalyes  ? 

A.  I  do  not  know  that  it  asks  for  any  improyement. 

Q.  Is  there  any  improyement  in  the  mode  of  opening 
valves  in  Sickels’  patent  ?  Does  he  profess  to  have  any 
invention  in  the  mode  of  opening  valves  ? 

A.  I  do  not  remember  about  that.  I  cannot  sav,  without 
examining  the  patent,  whether  he  does  claim  anything  in 
the  opening  of  the  valve. 

Q.  You  said  something,  in  answer  to  a  question,  that  the 
description  in  Sickels’  patent  would  not  instruct  you  how  to 
consti’uct  the  defendants’  apparatus ;  I  will  ask  you  whether 
the  description  of  a  watch  will  insti’uct  you  how  to  construct 
a  clock? 

A.  It  would  depend  upon  what  sort  of  a  clock  it  was. 

Q.  Take  the  watch  in  your  pocket,  would  it  instruct  you 
how  to  construct  a  clock  with  a  pendulum  ? 

A.  Iso. 

Q.  Is  not  a  clock,  so  far  as  regards  its  mechanism  as  a 
mode  of  measuring  time,  substantially  the  same  as  the 
mechanism  of  a  watch  ? 

A.  So  far  as  the  result  is  produced,  it  is  the  same. 

Q.  Is  not  the  pendulum  which  governs  the  escape  in  a 
clock  the  equivalent  of  the  balance-wheel  which  regulates  a 
watch  ? 

A.  So  far  as  they  are  measurers  of  time,  they' are  equi¬ 
valent. 

Q.  Would  the  description  of  a  steamboat  engine  enable 

vou  to  construct  a  locomotive  eno^ine  ? 

*  ■ 

A.  Probably  not. 

Q.  Are  not  both  the  principles  substantially  the  same  \ 

A.  So  far  as  the  application  of  steam  to  produce  motion, 
the  principle  is  the  same. 

Q.  Are  not  belt- wheels  well-known  mechanical  equiva- 


979  lents  for  cog-wheels,  for  the  purpose  of  communicating 
motion  ? 

A.  As  a  means  of  communicating  motion,  they  are.  As  a 
means  of  communicating  accurate  motion,  they  are  not. 

Q.  Would  the  substitution  of  one  for  another  constitute 
an  essential  change? 

A.  It  might. 

On  being  re-examined  by  Mr.  Jenckes^  the  witness,  Mee- 
TOUN  C.  Beyant,  testified  as  follows  : 

Q.  Do  you  consider  a  locomotive  and  a  marine  engine  to 

980  be  substantially  the  same  apparatus  ? 

A.  No,  sir. 

Q.  Do  you  consider  a  watch  and  a  pendulum-clock  to  be 
substantially  the  same  apparatus  ? 

A.  No,  sir. 

Q.  Upon  the  drawing  produced  to  you  by  the  plaintifis’ 
counsel,  and  shown  to  you,  where  is  the  chain  or  loose  con¬ 
nection  placed  ? 

A.  It  is  placed  over  the  valves. 

Q.  With  regard  to  the  valve  and  tlie  point  of  engage¬ 
ment? 

981  A.  Between  the  valve  and  the  point  of  engagement. 

Q.  Is  not  the  weight  of  the  valve  continually  depending 
upon  that  chain  ? 

A.  Yes. 

Q.  Is  there  any  moment  in  the  motion  of  the  engine 
when  it  is  not  so  depending  ? 

A.  The  valve  will  either  depend  upon  the  chain,  or  else 
it  will  depend  upon  its  seat. 

Q.  What  will  be  the  effect  of  the  weight  of  the  valve 
9g2  upon  the  chain — will  it  leave  it  loose  or  keep  it  extended  ? 

A.  It  will  keep  it  perfectly  straight  all  the  time,  if  it  acts 
as  it  ought  to. 

Q.  If  you  place  the  loose  connection  in  the  defendants’ 
engine  between  the  valve  and  the  point  of  engagement, 
what  would  be  the  effect  ?  Is  it  substantially  in  the  same 
place,  with  reference  to  the  working  parts  in  the  drawing, 
as  in  the  defendants’  machine,  where  a  loose  connection  is 
933  attached  to  the  weight  ? 

A.  No ;  it  is  not. 

Q.  Where  would  be  a  corresponding  place  in  the  piece 
of  machinery  before  you  (DeLaine  engine)  ? 

A.  This  drawing  exhibits  a  chain  to  exist  between  that 
and  the  valves.  When  you  make  an  arrangement  similar 
to  a  loose  connection  instead  of  that  rod,  then  the  loose  con¬ 
nection  is  between  the  point  of  attachment  and  the  plunger, 
that  is,  between  the  lifter  and  the  plunger. 
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Q.  Suppose,  ill  Sickels’  iiiachiue,  you  place  a  loose  con¬ 
nection  between  the  point  of  engagement  and  the  plunger, 
how  would  it  work  ? 

A.  It  would  work  just  as  well  without  it  as  with  it.  It 
would  render  the  action  of  the  plunger  inoperative. 

Q.  lYould  it  not  be  the  same  thing  as  taking  away  the 
dash-pot  entirely  ? 

A.  It  would  be  just  as  well  without  it. 

Q.  In  placing  the  loose  connection  between  the  weight 
and  the  arm  to  which  it  is  attached,  what  effect  does  it  have 
upon  the  operation  of  Corliss’  machine  i 

A.  The  effect  is  to  entirely  prevent  any  action  backward 
from  the  weight  to  the  other  parts  of  the  valve-gear. 

Q.  AYould  or  not  the  weight  be  raised  the  same  as  before  ( 

A.  Yes. 

Q.  lYhat  would  be  the  effect  in  arresting  itf  Will 
there  be  any  chancre  ? 

A.  I  do  not  think  there  ^vol^ld. 

Q.  In  effecting  the  disengagement  upon  the  machine 
parts  of  which  are  produced,  (iJe  Laine  engine,)  where  is 
the  friction  that  is  to  be  overcome  between  the  catch  and 
the  valve-stem  ?  Point  it  out. 

A.  In  the  annular  grove,  lifting  up  the  upper  part  of  that, 
and  on  this  catch. 

Q.  Where  is  the  friction  in  the  disengagement  upon  the 
defendants’  machine  ? 

A.  Between  the  two  hooks — the  hook  and  catch. 

Q.  Is  there  anv  other  friction  in  the  defendants’  than 
what  is  caused  by  the  drawing  of  the  two  faces  of  metal  in 
opposite  directions  ? 

A.  Iso. 

Q.  In  this  portion  of  the  macliine  (De  Laine  engine)  is 
there  any  other  friction  than  what  is  caused  by  the  drawing 
of  the  latch — the  friction  between  the  latch  and  the  por¬ 
tion  of  the  valve-stem  which  rests  upon  it  ( 

A.  T  es. 

Q.  Point  out  the  friction  to  be  overcome. 

A.  Tlie  friction  of  the  latch  striking  the  incline. 

Q.  What  friction  has  worn  away  this  piece  of  metal  { 

A.  The  friction  of  that  metal  against  this  arm,  I  sup¬ 
pose. 

Q.  Is  that  in  addition  to  the  point  of  engagement  ( 

A.  Yes. 

Q.  Do  von  find  anv  such  fi-iction  in  the  defendants’  ma- 
chine  ? 

A.  1^0. 

Q.  Is  there  not  friction  caused  by  the  contact  of  the  latch 
and  the  valve-stem  ? 

A.  Y  es. 

Q.  Point  it  out. 
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^88  A.  The  latch  enters  into  tiie  groove  in  the  valve-stem, 
and  between  the  latch  and  the  valve-stem  lies  a  certain 
amount  of  friction. 

Q.  How  long  does  that  friction  continue  i 

A.  It  continues  from  the  time  it  begins  to  unlatch  until  it 
is  completely  unlatched. 

Q.  Do  you  find  any  such  amount  of  friction  in  the  de¬ 
fendants’  machine — the  one  last  named  ? 

A.  Between  the  lifter  and  the  valve-stem  ? — 'No. 

Q.  In  the  machine  before  you  (De  Laine  engine)  is  there 
any  friction  between  the  catch  and  the  valve-stem,  after 

089  the  detachment  is  effected,  while  the  valve  is  falling? 

A.  Yes,  there  is  a  little.  This  lever  is  placed  against  the 
valve-stem,  and,  as  the  valve  falls,  there  is  a  greater  friction 
between  it  and  the  valve-stem. 

Q.  How^  would  the  effect  of  the  combination  with  the 
governor  help  the  friction  ? 

A.  As  long  as  they  were  acting  to  release  them,  they 
would  modify  the  action  of  the  governor,  and  tend  to  de¬ 
stroy  its  effect. 

Q.  In  the  model  produced  to  you  by  the  plaintiff's,  is  not 

990  the  portion  said  to  represent  the  valve-stem  moved  by  a  cir¬ 
cular  motion,  the  motion  of  an  arm  which  moves  upon  a 
rocking-shaft  ? 

A.  Yes,  that  is  the  way  in  which  it  is  arranged. 

Q.  Suppose  this  arm  to  be  of  sufficient  length  to  move  a 
valve  of  the  size  of  that  in  the  machine,  would  the  motion 
of  the  end  of  the  arm  correspond  with  the  rectangular  mo¬ 
tion  of  the  valve-stem  ? 

A.  The  motion  of  the  arm  would  be  circular,  and  that  of 
the  valve-stem  wT>uld  be  in  a  line.  It  would  not  work. 

991  Q.  How  would  it  work  in  a  machine  constructed  as  re¬ 
presented  in  the  model  ? 

A.  On  these  models  you  cannot  readily  tell ;  but  that  par¬ 
ticular  point  of  course  would  not  work. 

Q.  Will  you  state  to  the  jury  the  experience  that  you  have 
had  in  relation  to  machinery  ? 

A.  I  was  educated  for  an  engineer.  My  education  began 
with  that  view",  and  the  first  experience  of  much  account 
that  I  had  w-as  at  Lowell,  to  which  place  I  went,  and  was 

992  engaged  in  the  erection  of  some  mills,  and  in  the  arrange¬ 
ment  and  adaptation  of  their  machinery.  It  was  a  very 
large  establishment  and  had  a  great  variety  of  machinery 
of  different  kinds.  Most  of  the  parts  I  had  occasion  to 
plan  and  lay  out. 

Q.  Have  you  been  an  inventor  of  any  machines  ? 

A.  I  have  made  one  or  twm  machines  for  w^eaving. 

Q.  Will  you  look  at  the  machine  now  presented  to  you, 
(an  indicator)  and  say  whether  it  is  the  one  which  was  ap- 
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plied  to  the  defendants’  engine,  of  tlie  results  of  which  you  993 
have  spoken? 

A.  I  have  no  doubt  it  is  tlie  same  thiim. 

Q.  What  do  yon  call  it  ? 

A.  An  indicator. 

Q.  Who  was  the  inventor  of  that  apparatus  f 
A.  It  was  discovered  hv  Watt.  T  believe. 

t' 

Q.  Describe  hoTv  that  acts  ? 

[Witness  here  pointed  ont  its  action  to  the  jury.J 


On  being  fiuther  cross-e,camined  l)v  Keller .  the  wit- 

ness  Meetoux  C.  Beyaxi,  testified  as  follows  :• — 

Q.  You  stated  that  in  the  defendants’  there  were  no  such 
elements  of  Iriction  as  took  place  in  the  plaintifis’,  between 
the  catch-lever  and  inclined  plane ;  now  just  step  around 
here  a  moment  to  the  defendants'  model;  does  not  that 
hook-rod  rub  in  contact  with  that  adjustable  stop,  to  effect 
a  disengagement  ? 

A.  I  think  that  rod  acts  instantaneously. 

Q.  I  ask  you,  does  it  not  rub  in  contact  with  that  stop  to 
effect  a  disengagement  ? 

A.  It  slides  in  contact  with  it  to  a  certain  extent. 

Q.  Does  it  not  enough  to  effect  the  diseugagement  of  the 
latch  ? 

A.  Yes. 

Q.  Does  it  slide  in  contact  with  it  any  longer  than  to  ef¬ 
fect  a  disengagement  ? 

A.  Xo. 

Q.  Then  how  could  you  swear  that  there  was  no  such 
element  of  friction  in  the  defendants’  as  ^ras  found  in  the 
plaintifi*3’,  to  eftect  the  diseugagement  ? 

A.  Because  I  consider  that  the  diseiigagemeut  is  practi¬ 
cally  instantaneous  in  the  defendants'. 

Q.  In  addition,  in  the  defendants',  i<  there  not  a  friction 
of  the  hook-rod  upon  the  Avrist-plate? 

A.  Yes. 

Q.  Is  there  any  such  tiuctioii  as  that  in  Sickels'  ' 

A.  There  is  no  wrist-plate  in  Sickels'.  and  cannot  be  any 
such  friction. 

Q.  Is  there  not  a  friction  here  to  effect  the  disengage¬ 
ment  between  the  latch  and  the  arm,  which  is  ecpiivalent 
to  the  friction  between  the  latch  there  and  the  groove ;  I  du 
not  say  an  ecjuivalent  in  quantity,  but  is  there  not  an  ele¬ 
ment  of  friction  in  both,  corresponding  in  that  point ' 

A.  Yes,  a  certain  amount  of  friction  takes  place  in  dis¬ 
engagement  in  both  of  them. 

Q.  You  spoke  about  a  friction  here  of  the  latch,  after  the 
disengagement;  would  that  friction  aftect  the  governor,  if 
one  should  be  applied  \ 

A.  It  would  depend  upon  how  it  was  applied. 
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Q.  Applied  in  tlie  manner  that  was  pointed  ont  to  yon 
on  your  cross-exanii nation  ? 

A.  hlo,  sir. 

Q.  In  ennineratiii"  the  various  points  of  friction  that 
would  affect  the  sensitiveness  of  the  governor,  how  do  you 
swear  that  the  friction  in  contact  with  that  stem,  after  liher- 
ation,  would  be  one  of  them? 

A.  I  do  not  think  I  did. 

Q.  ^low,  sir,  in  that  model  there  is  a  circular  motion  in 
connection  with  a  straight  motion  of  the  valve-stem  ;  do 
you  not  know,  as  a  mechanician,  that  there  are  various  modes 
of  connecting  a  circular  motion  with  a  straight  motion  ? 

A.  One  is  very  frequently  derived  from  the  other. 

Q.  hlow  could  you  not  imagine  that  connection  to  he 
formed  by  any  of  the  known  modes  of  connecting  a  circu¬ 
lar  with  a  straight  motion  ? 

A.  Yes. 

Q.  Have  you  tiot  one  in  this  model  of  the  Watt  ari’ange- 
ment,  in  connection  with  the  va1ve-stem  ? 

A.  Yes,  sir. 

Q.  Is  there  any  difficulty  in  forming  a  connection  of 
that  sort,  between  the  valve-stem  and  the  rocking-arm  ? 

A.  There  is  no  difficultv  in  forming  a  connection  in  that 
model;  by  putting  on  guides  you  can  make  it  move  in  a 
line. 

Q.  As  a  mechanician  you  could  do  it  ? 

A.  I  could. 


The  Court  then  adjourned  to  danuary  5th,  1855,  at  eleven 
o’clock,  A.  M. 
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.lanuarv  5th,  1855,  11  o’clock,  A.  M. 

The  defendants  then  called  as  a  witness  Thomas  B.  Still- 
oian^  who,  having  been  duly  sworn,  Avas  examined  l)y  Mr. 
Jenckes^  and  testified  as  follows : 

Q.  Where  do  you  reside  ? 

A.  I  reside  in  J^eAv  York  citv. 

1000  Q*  What  is  your  occupation  ? 

A.  An  engineer. 

Q.  Where  is  your  place  of  business  ? 

A.  At  the  hlovelty  Works. 

Q.  What  is  the  business  carried  on  at  that  place  ? 

A.  Steam-engine-building  and  other  macliinery. 

Q.  What  is  the  name  of  your  firm  ? 

A.  Stillman,  Allen  &  Co. 

Q.  flow  long  have  you  been  engaged  in  l)usiness  ? 

A.  Twenty-live  years. 

Q.  Have  you  had  any  practical  acquaintance  with  steam- 
machinery  ? 
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A.  Yes,  sir.  1001 

Q.  For  what  period  ' 

A.  For  25  years. 

Q.  Ill  what  way  have  you  been  acquainted  with  it  ? 

A.  In  the  coiistructiou  of  steaiu-engiiies  and  their  opera¬ 
tion. 

Q.  What  kind  of  engines  liave  you  ])uilt  ? 

A.  The  greatest  value  probably  would  be  of  marine  en¬ 
gines;  the  greatest  number  would  be  of  stationary  engines. 

Q.  How  many  have  you  built  in  each  year,  upon  an  ave¬ 
rage? 

A.  I  cannot  tell. 

Q.  Cannot  you  give  an  average  (  1002 

A.  I  never  made  a  sum  of  all  that  Ave  have  built ;  I  su|)- 
])ose  seAwal  thousands,  altogether. 

Q.  Have  they  been  built  upon  ditferent  plans  ^ 

A.  A"es,  sir. 

Q.  Are  yon  accpiainted  with  the  ditierent  modes  of  con¬ 
st  ructino’  steam-engines  used  in  this  conntrv  ? 

A.  Most  of  them,  I  suppose. 

Q.  Are  you  acquainted  practically  Avith  the  devices  and 
combinations  used  in  steam-engines  ^ 

A.  Yes,  sir. 

Q.  Have  you  examined  the  patent  granted  to  Frederick 
Fk  Sickels  in  1842,  and  the  specifications  and  draAvings  ap- 1003 
pended  to  it  ? 

A.  I  have  seen  them. 

Q.  Do  you  knoAv  Avhat  is  there  described  and  re})re- 
sented  ? 

A.  I  suppose  I  do. 

Q.  Will  Amu  state  what  vou  undei’stand  to  be  the  inven- 
tion  described  in  the  tirst  part  of  that  patent  ^ 

A.  This  model  (^plaintiffsb  represents  a  section  of  the  i 

steam-chest  and  side-pipe ;  f/iu‘  cohinin  represents  one  of  / 

tlie  side-pipes.  There  lieing  one  tor  steam  and  one  for  the  ' 
exhaust  steam,  a  cut  between  the  tAvo  makes  the  section  of 
a  steam-chest,  in  Avhicb  the  steam-A^alves  appear.  The  ap- 
]  >aratus  of  Mr.  Sickels  is  attached  to  the  steam-vaHe  for  the  1004 
purpose  of  interrupting  the  floAv  of  steam  into  the  cylinder 
at  the  required  jioint  of  the  stroke.  The  method  of  controll- 
ing  the  steam  formerh^  used,  Avas,  Iia'  attaching  the  A*alve, 
through  its  lifting-rod,  to  the  eccentric — a  constant  connec¬ 
tion — so  that  the  steam-valve  Avould  be  lifted  and  lowered 
to  its  seat  sinmltaneoush'  Avith  the  motion  of  the  eccentric, 
and  consequently  there  would  be  no  interruption  of  the 
steam  during  the  descent  or  ascent  of  the  piston.  That  Avas 
effected,  hoAvever,  by  a  valve,  placed  in  the  steam-pipe ; 
sometimes  in  the  form  of  a  damper  to  a  stove-pipe,  and  re¬ 
gulated  by  a  spring. 
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1005  Mr.  Keller. — There  are  different  forms  of  them  ? 

A.  Yes,  there  M^ere  different  forms  of  these  valves.  They 
were  more  generally  used  in  the  steam-pipe,  the  same  as  a 
damper  in  a  stove-pipe.  Sometimes  they  were  made  other¬ 
wise,  but  with  substantially  the  same  mode  of  operation.  In 
making  use  of  the  steam-valve  for  the  double  purpose  of 
regulating  or  admitting  the  steam  and  of  interrupting  it,  an 
apparatus  was  found  necessary  which  had  not  been  used  in 
the  former  method  or  mode.  The  steam-valves  are  very 
^  heavy,  are  generally  made  of  lirass,  and  in  large  marine  en- 
lOO6gjj^0g  weigh  several  hundred  pounds — as  much  as  a  man 
could  lift,  sometimes.  In  dropping  them  to  tlieir  seats  sml- 
denly  there  would  be  a  concussion  or  slam,  which  is  not  only 
very  annoying,  but  destructive  of  the  parts,  tending  to  beat 
the  seat  out  of  form — out  of  its  proper  place,  and  abrade  the 
surface  at  the  point  of  contact.  The  plan  of  Mr.  Sickels 
was  applied  to  the  use  of  tins  valve,  as  a  means  of  disen¬ 
gaging  it  in  its  ordinary  and  regular  operation,  and  arresting 
it,  so  that  it  should  not  stnko  severely  upon  the  seat — 
arresting  it  by  other  in  cans  than  by  the  naked  seat.  In 
this  s^ieciff cation  or  schedule,  ihis  represents  the  valve-1  )<>x 
100^  containing  puppet-valves.  77mMs  a  recess  into  which  the 
steam  enters.  When  this  valve  is  lifted  it  passes  to  another 
part,  and  so  on  in  its  course.  Tliis  jiart  of  the  apparatus 
was  well  known  before,  as  stated  in  the  schedule.  B  is  the 
valve-stem,  which  is  a  stem  jiassing  through  and  firmly 
lixed  to  the  valves,  connecting  the  upper  and  tlie  lower,  as 
they  are  double  and  balancing  each  other — connecting  the 
two  valves  together  firmly,  rigidly ;  so  that,  as  the  seats  are 
never  moved  relatively,  the  valves  may  not  move  relatively 
lOOS — each  keeping  its  proper  distance,  so  that  both  may  be 
seated  at  the  same  point  of  time.  This  is  called  a  lifter, 
which  is  to  lay  hold  of  the  valve-stem  and  gi  ve  it  the  mo¬ 
tion  which  is  given  to  the  lifting  rods  in  the  ordinary 
arrangement,  ilere  are  springs  which  form  a  part  of  the 
disengaging  apparatus.  The  upper  end  of  the  stem  is  flat¬ 
tened,  or  has  projecting  feathers  or  edges,  by  which  the 
valve  is  lifted,  the  spring  catching  under  it.  By  the  sliding 
pieces,  the  grooves  and  wedges  moving  on  the  sliding  piece, 
the  valve  may  be  disengaged  at  any  i^oint  of  the  strolve. 
1 009  The  wedges  are  kept  in  place  upon  the  sliding-piece  l)y  a 
screw,  fixing  them  firmly  at  any  desired  point. 

Q.  Will  you  name  the  parts  or  elements  that  com])ose 
that  apparatus 

A.  The  valve-stem,  spring-catch,  sliding-piece,  wedges 
and  the  set-screw. 

Q.  Are  you  acquainted  witli  the  engine  used  by  the  de¬ 
fendants,  Youngs  &  Cutter?' 

A,  Yes,  I  have  seen  it  in  operation. 
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Q.  Do  you  uudei*staiid  the  constnictioii  and  mode  of  1010 
operation  of  that  engine  ( 

A.  Yes,  sir. 

Q.  Have  yon  examined  the  model  before  the  jury,  and 
if  so,  does  that  represent  the  defendants'  machine  ( 

A.  That  is  a  good  representation  of  the  machine. 

Q.  In  yonr  opinion,  as  a  mechanical  engineer  and  prac¬ 
tical  builder  of  steam-engines,  is  the  construction,  arrange¬ 
ment  or  combination  of  the  apparatus  used  by  the  defend¬ 
ants  for  more  readily  cutting  oil'  steam  in  Avorking  the 
steam-engine,  substantially  identical  Avith  the  construction, 
arrangement  or  combination  of  the  apparatus  described  iulull 
the  specincation  of  Sickels'  patent  ( 

A.  I  consider  it  substantiallA'  different. 

Q.  u  ill  you  state  the  points  of  difference  ' 

A.  In  the  first  place,  the  valves  are  of  a  difi'erent  charac¬ 
ter,  consequently  requiring  a  different  application  of  appa¬ 
ratus  for  their  government.  That  difference  is  found  in  the 
ujachine  to  correspond  Avitli  the  difference  in  the  A^alves. 

Q.  AYill  you  state  more  particularly  the  kinds  of  A'alA'e< 
and  their  difierences' 

A.  The  valA'es  found  in  connection  Avith  Mr.  Sickels'  ar-l(>12 
i-angement  are  puppet-A^alves,  Avhich  I  liaA'e  described  be¬ 
fore,  and  AAdiich  are  lifted  from  their  seats.  Their  motion 
is  perpendicular  to  the  plane  of  their  seats.  The  motion  of 
Mr.  Corliss'  valves  is  parallel  or  coincident  to  the  curA^e  of 
their  seats.  The  valves  in  Mr.  Sickels'  must  necessarih’  be 


vei'A^  niceh'  adiusted.  The  extent  or  termination  of  their 
motion  must  be  niceh'  adiusted.  The  valves  used  \>\  Mr. 
Corliss  do  not  require  such  a  nice  termination,  because  their 
contact  AA'itli  the  surface  of  the  seat  does  not  produce  the 
same  effect.  Tliev'  inaA'  be  said  to  be  ahvavs  in  contact 

C-  t  c. 

Avith  their  seats  and  iieA'er  lifted  from  them.  Their  motion 
is  sliding,  a  sliding  motion  upon  the  seat.  As  theA'  are 
iieA'er  lifted  from  it.  theA'  can  never  slam  bA'  beino;  brouMit 
into  contact  Avith  it.  It  i'^  a  A'ery  difierent  character  of 
A  alve.  Tlie  slide-A'ah'e,  as  u>ed  in  the  defendants'  machine, 
is  peculiar  in  itselfi  and  difi'erent  from  the  ordinary  slide- 
valves  used  in  higli-pressure  and  other  engines.  It  is  a  ro¬ 
tating  A'ah'e,  having  a  centre,  and  a  consequent  circular 
motion.  Ordinary  slide-A'ah'es  moA'e  upon  a  plane,  back- 
Avards  and  forAvards,  and  so  are  made  to  coA'er  the  ports. 
This  represents  the  motion  of  Mr.  (  'orliss'.  There  is  the 
valve,  there  is  the  steam-chest,  and  there  the  seat.  That. 
moAmig  in  thcd  direction,  opens  the  port  for  the  steam  on 
(3ne  side,  and,  on  the  other  side,  merely  by  passing  over  the 
opening,  compels  the  steam  to  pass  into  the  cylinder  and 
perform  its  office,  and,  having  done  so,  alloAvs  it  to  escape 
into  the  atmosphere.  Tliis  vah'e  has  no  rod  attached  to  it. 
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f  1015  Its  contact  with  the  seat  preserves  its  position.  Dispense 
1  with  the  rod  in  the  Sickels’  valves,  and  thev  Avould  not  con¬ 
form  in  position  to  the  seat ;  the  seat  being  fixed,  the  valve 
Avonld  not  conform  in  position.  There  would  he  nothing, 
at  any  rate,  to  control  its  ]>ositit)n.  It  might  fall  upon  the 
side,  off  its  seat.  The  rod  being  a  central  point  of  attach¬ 
ment,  controlled  by  guides,  causes  the  valve  to  descend 
always  directly  upon  its  seat.  Here,  (taking  model  of 
i  Watt’s  invention,)  is  a  valve  and  its  corresponding  seat. 
10)1 6  The  rod  being  sustained  above  and  below,  keeps  the  valve 
in  its  proper  direction  while  in  motion,  and  brings' it  to  its 
seat  lirmly,  without  allowing  it  to  strike  on  one  side  or  the 
('>ther.  It  therefore  necessarily  must  have  a  rod,  or  some 
analogous  contrivance,  to  conduct  it  to  its  seat  properly. 
The  valve  in  Corliss’  needs  no  such  thing,  because  it  rests 
upon  its  seat,  and  only  wants  motion  upon  that  seat.  This 
( j^uppet-valve)  wants  motion  and  direction.  That  motion 
and  direction  cannot  be  given  by  its  seat  properly  and 
safely.  Tlierefore,  ])uppet- valves  and  rotating  or  slide- 
idlT  valves,  are  substantially  different  in  their  construction  and 
mode  of  023eration — substantially  different.  The  rotating- 
valve  corres2)onds  more  nearly  to  the  slide  than  the  puppet- 
valve,  as  its  motion  is  that  of  sliding  upon  its  surface, 
alwavs  in  contact  with  its  seat,  as  the  sliding  valves  are. 

Q.  Do  they  or  not  recpiire  different  kinds  of  valve-gear- 


mg  ? 


A.  They  do. 

Q.  Will  you  ex2>lain  the  differences,  if  there  are  any,  be¬ 
tween  the  valve-gear  described  in  Sickels’  patent  and  that 
used  by  the  defendants 

1(H|8  A.  [Witness  described  the  operation  of  the  valve-gear  on 
the  model  of  Mr.  Corliss’,  adding :  ]  The  apparatus  which 
I  works  these  valves  is  entirely  different  from  that  ^vhich 
I  works  puppet- valves.  The  apparatus  for  disengaging  is 

necessarily  different,  lleve^  in  jfface  of  the  adjusting  screw, 
fixing  the  2)oint  of  cut-off  and  closing  the  valve,  the  governor 
holds  by  its  own  arm — its  own  force — holds  a  control  of  a 
fulcrum.  That  j-eceives  a  inotion  from  the  governor,  and 
not  from  the  hand  of  the  engineer.  Cpon  that  fulcrum 
/  acts  a  lever,  one  end  of  which  receives  its  motion  frnm 
1  (il 9  what  is  called  a  Avrist-i)late,  through  this  pin — an  up  and 
down  motion — which  serves  to  disengage  this  valve  and 
allow  the  descending  weight  to  ])ring  the  valve  back  to  its 
\  place  before  the  piston  shall  have  reached  the  end  of  its 
■  stroke.  In  Sickels’  arrangement  he  has  a  dash-2)Ot.  Here 
!  is  something  analogous,  but  essentially  different. 

Q.  Will  you  describe  what  the  usual  way  of  operating 
valve-gear  was  in  1842,  at  or  about  the  date  of  tliat  j)atent 
^  A.  the  valve  was  lifted  by  an  eccentric,  and  lowered  to 
its  seat  without  any  detachment. 
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Q.  Is  it  exhibited  in  any  of  the  models  present  ?  1020 

A.  Do  yon  mean  the  valve-gear  in  Sickels’  ? 

Q.  Yes,  I  mean  the  valve-gear  itself.  ITow  was  the  lifter 
operated,  as  described  in  the  ]:)atent  of  Sickels’,  the  lifter 
and  lifting  rod  ? 

A.  It  was  lifted  by  the  eccentric.  This  rod  and  this  liftei* 
were  not  materially  altered.  They  were  in  some  machines 
altered  so  as  to  introduce  the  arrangement  in  Sickels’,  by 
simply  puttmg  a  sliding  piece,  with  a  catch,  altering  the 
end  of  tlie  rod,  and  making  a  disengaging  motion  by  the 
direction  of  the  standard.  But  the  eccentric  operated  both 
lifting  rods,  nj)on  each  of  which  was  attached  a  steam-valve  lt)21 
and  an  exhaust-valve.  The  exhaust  and  steam-valves  were 
lifted  simnltaneonsly. 

Q.  Will  yon  descril)e  the  oj)eration  of  the  spring  upon 
the  Sickels’  model  ? 

A.  The  spring  in  this  model,  more  accurately  described 
in  the  specification,  is  attached  to  this  lifter  ;  it  is  an  attach¬ 
ment  upon  the  upper  surface  of  it,  supporting  the  lifter,  re¬ 
ceiving  its  strength  from  the  lifter  to  lift  the  valve,  and 
playing  into  the  shoulder  formed  upon  the  valve-rod,  so  as 
to  connect  it — the  sj)ring  passing  a  wedge  in  its  upward 
stroke  ;  this  (mahogany  model)  is  not  a  very  perfect  model ;  l(t22 
it  will  be  seen  where  those  springs  occupy  the  neck  portion 
of  this  rod  that  they  are  more  nearly  together  than  when 
upon  the  rod  itself ;  in  ascending,  those  springs  are  sepa¬ 
rated  by  that  wedge,  and  sufficiently  separated  that  the 
valve  shall  drop  ;  on  reversing  this  wedge-piece  the  springs 
are  made  to  close  in  passing  upwards ;  in  ]:>assing  down, 
they  would  be  separated  by  coming  on  the  outer  portions 
of  the  wedges,  so  that  the  valve  will  drop  ;  this  wedge-piece 
being  fixed,  detaches  at  any  portion  of  the  stroke,  or,  by  1 02: 
being  inverted,  it  would  detach  the  valve  on  the  descending 
motion  of  the  valve,  and  is  the  adjustable  point  of  Mr. 
Sickels’  patent. 

Q.  Do  you  find  that  spring,  or  any  equivalent  for  it,  in 
the  defendants’  machine  ? 

A.  No,  sir, 

Q.  Within  what  limits  can  the  steam  be  cut  (^fi*  iu  the 
defendants’  machine  ? 

A,  Within  half  of  the  stroke  of  the  piston. 

Q.  Will  you  explain  the  purpose  of  the  adjustable  slid-  lO^T 
ing  piece  in  Sickels’  model  ? 

A.  It  is  for  the  purpose  of  cutting  off  shorter  or  at  a  great¬ 
er  length  of  stroke. 

Q.  Does  it,  or  not,  control  the  point  of  cut-off*  ? 

A.  Yes. 


Q.  Do  you  find  any  such  adjustable  sliding  piece,  with 
its  inclined  planes,  or  the  equivalent  of  that  device,  in  the 
defendants’  machine  ? 
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1025  A.  No,  sir. 

Q.  How  is  the  detaclinient  ettected  in  the  defendants' 
machine  ? 

'  /  A.  By  the  governor,  tliimigli  a  lever  acting  npoii  a  ful¬ 

crum — upon  a  movable  fulcrum. 

Q.  Do  you  find  any  standard  or  set-screw  in  the  defend¬ 
ants’  machine,  or  their  equivalents  ? 

A.  No,  sir. 

Q.  What  is  the  purpose  of  the  standard  and  set-screw  in 
Sickels’  machine? 

Ip26  A.  It  is  to  hold  the  inclined  ])lanes  in  a  position  to  he 
acted  upon  by  the  sj^rings. 

Q.  If  the  screw  were  not  set,  what  Avould  be  the  effect  of 
the  contact  between  the  springs  and  the  inclined  planes  ? 

A.  The  inclined  planes  would  move  with  the  springs. 

Q.  Would,  or  not,  any  cut-oft'be  effected  in  that  case? 
A.  There  would  not. 

Q.  What  is  the  effect  of  the  connection  with  the  gover¬ 
nor  in  the  defendants’  machine  ? 

1(|27  A.  It  controls  the  point  of  cut-off,  so  as  to  regulate  the 
motion  of  the  engine,  to  make  it  uniform,  whatever  may  be 
the  resistance. 

Q.  What  was  the  usual  jvKxle  of  regulation  of  the  station¬ 
ary  engine  ? 

A.  A  governor  attached  to  an  independent  valve,  simi¬ 
lar  to  that  formerly  used  for  cutting  off'  the  steam. 

Q.  AVhere  is  that  valve  situated  ? 

A.  In  the  steam-pipe. 

Q.  How  Avas  the  regulation  in  that  case  efi'ected  ? 

10p8  A.  By  closing  the  area  of  pressure  of  the  transmission  of 
steam,  or  opening  it,  according  to  the  resistance  offered  to 
the  progress  of  the  engine. 

Q.  What  effect  did  it  liaA^e  upon  the  steam  itself,  or  its 
tension  ? 

A.  It  reduced  the  tension  between  the  ])iston  and  the 
valve,  or  increased  it. 

Q.  What  effect  does  that  have  upon  the  Avorking  poAA'- 
er  of  the  steam  ? 

A.  It  has  an  influence  to  deprive  it  of  the  expansive 
10^9  force  which  it  wnuld  otherAAUse  haA^e  upon  the  piston,  and 
make  it  less  economical. 

Q.  What  do  you  understand  to  be  the  purpose  of  the  ap¬ 
paratus  described  in  tlie  second  part  of  Sickels’  specifica¬ 
tion  ? 

A.  It  relates  to  the  dash-pot ;  the  dash-pot,  as  I  before 
observed,  is  for  the  purpose  of  arresting  the  descent  of  the 
valve  or  valves,  to  prevent  a  slam. 

Q.  Would  the  apparatus  described  in  the  first  part  of  the 
specification  work  usefidly  or  not,  in  a  onr  opinion,  except 
in  combination  Avith  this  dash-pot  ? 
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A.  It  would  not. 

Q.  Whw  not  ? 

A.  From  the  force  which  tlie  villve^^  and  stem  would 
exert  upon  the  structure  of  the  machine. 

Q.  At  what  period  in  their  descent  do  the  val,ves  become 
cliecked  in  Sickels’  apparatus  ? 

A.  Within  a  short  distance  of  their  seats,  in  other  words, 

it  breaks  tlie  force  of  the  valves  before  thev  arrive  at  their 

• ' 

seats. 

Q.  Is,  or  not,  this  necessary  in  puppet-valves  i 

A.  It  is. 

Q.  How  is  it  with  reference  to  other  kinds  of  valves  i  10?1 

A.  In  the  defendaiits’  apparatus  it  is  not  necessary  to  ar-  | 
I'est  the  valves  so  suddenly  ;  but  the  object  is  to  give  them 
greater  velocity  ;  there  is  no  gravity  to  bring  them  to  their 
])lace  except  a  weiglit  for  that  juirpose  ;  it  tends  to  bring  j 
the  v^alves  over  their  openings,  and,  never  being  lifted  from 
their  seats,  thev  want  no  device  to  bring  them  to  it.  \ 

Q.  Do  you  find  in  the  defendants’  machine  any  arrange¬ 
ment  or  apparatus  for  preventing  the  slamming  of  the 
valves  ? 

A.  There  can  Ije  no  slam,  and,  therefore,  there  is  no  ap-'TOS2 
paratus  for  preventing  it. 

Q.  What  is  the  object  of  the  a|)paratus  you  find  in  the 
defendants’  machine  ? 

A.  The  object  of  the  dash-pot,  or  that  which  resemble? 
in  appearance  a  dash-pot,  is  to  arrest  the  weight  in  its  de¬ 
scent.  After  having  accomplished  its  object,  by  bringing 
the  valve  over  its  opening,  it  must  itself  be  arrested,  and 
fhe  dash-pot  is  to  afford  the  cushion  or  soft  elastic  material 
upon  Avhich  the  Aveiglit  may  fall,  Avitliout  itself  making  a 
jar;  it  is  in  effect  entirely  different  from  that  effected  by  1038 
the  Sickels’  arrangement. 

Q.  Is  it  or  not  necessary  to  have  the  connection  between 
the  valve  and  the  Aveight  rigid  ? 

A.  It  is  not  in  the  defendants’  machine.  i  ’ 

Q.  Why  is  it  not  i 

A.  It  is  simply  to  arrest  its  OAvn  motion  that  the  dash-pot 
is  applied. 

Q.  Suppose  the  Aceight  to  be  connected  Avith  the  arm  by 
a  leather  strap,  Avould  there  or  not  be  any  jar  communicated 
from  the  weight  to  the  vah^e  '( 

A.  I  haA^e  seen  an  engine  Avorked  Avitli  precisely  sucli  an  1084 
arrangement ;  the  ])ot  here,  which  corresponds  in  appear¬ 
ance  to  the  dash-pot  of  Mr.  Sickels’,  Avould  be  deceptive, 
perhaps,  to  some,  if  they  had  not  looked  closely  into  it ;  it 
is  merely  a  guide  for  the  Aveight ;  the  chamber"  beloAv  con¬ 
tains  sufficient  air  for  the  purpose  of  an  elastic  cushion ; 
this  Aveight,  therefore,  descends  freely  until  it  strikes  the 
27 


\  / 


210 


^035  confined  air  wliicli  serves  as  an  elastic  bed  on  which  to  rest ; 

'  a  leather  strap  in  place  of  a  rod,  is  sufficient  for  the  purpose 
of  bring  the  valve  to  its  point  of  terminatio]i ;  that  is  neces¬ 
sary,  because  the  valve,  in  pressing  upon  its  seat,  and  being 
pressed  upon  by  the  steam,  would  be  arrested  by  that  fric¬ 
tion,  and  would  not  terminate  its  stroke  properly,  without 
the  application  of  an  external  force  ;  that  shows  the  great 
difference  in  the  construction  of  the  valves ;  in  Sickels’  ar¬ 
rangement  of  puppet-valves,  which  descend,  from  the  force 

1036  of  steam  and  their  own  gravity,  to  their  seats,  they  would 
ruin  and  destrov  themselves  bv  their  own  action,  if  left  to 
themselves;  whereas  the  application  of  a. weight  is  neces¬ 
sary  there,  to  bring  them  to  the  point,  they  not  having  that 
power  within  themselves  ;  being  brought  so  as  to  cover 
the  opening,  there  is  no  further  necessity  of  motion  to  the 

;  weight. 

I  A.  In  the  Sickels’  apparatus,  is  it  or  not  necessary  t<> 

have  the  connection  between  the  valve  and  the  plunger 
firm  ? 

1037  A.  Yes,  sir. 

^  Q.  Explain  why  ( 

/  A.  In  this  model  the  plunger  in  the  dash-pot  is  situate 

below  the  valve  ;  should  there  be  a  chain  or  strap  connec¬ 
tion,  it  would  not  afford  any  resistance  to  the  progress  of 
the  valve  ;  the  valve  would  not  drop,  and  the  strap  would 
merely  double  up — fold — allowing  it  to  descend  in  its  own 
way. 

Q.  Sup])ose,  in  the  black  model  before  you,  there  was  a 
loose  connection  between  the  spring  on  the  lifter  and  tlie 

1 038  what  would  be  the  effect '( 

A.  The  effect  would  then  be  to  arrest  the  descent  of  the 
valve  ;  but,  without  some  other  contrivance,  the  whole  a}»- 
paratus  would  fail,  when  disengaged,  to  the  ground  ;  this 
attachment  which  here  now  supports  it  by  the  rod  would 
fall  over  with  the  strap,  and  would  not  be  found  Avhen 
required  to  be  picked  up  again  by  the  apparatus. 

Q.  Where  would  be  the  corresponding  place  for  a  loose 
connection  in  the  Sickels’  machine — corresponding  to  the 

1039  strap  you  have  already  described  in  the  defendants’  ma¬ 
chine  ? 

A.  I  do  not  understand  the  question. 

Q.  In  the  defendants’  machine  you  have  described  a 
strap  connecting  the  weight  with  the  arm  that  moves  the 
valve  ;  where  would  be  the  corresponding  j)lace  for  a  strap, 
chain,  or  other  loose  connection  in  the  plaintiff's’  machine  ? 

A.  It  wmiild  be  between  the  valve  and  its  connections. 

Q.  Point  it  out  upon  the  machine  ? 

A.  That  is  the  point  of  engagement,  and  t/ii^  being  the 
lifter,  and  this  the  spring  upon  the  rod,  it  would  be  between 
the  valve  and  this. 
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Q.  Where  would  the  dash-pot  be  situate  in  that  case  i  1040 

A.  jSTecessarily  under  the  valve  ;  there  Avould  be  no  con¬ 
nection  between  them. 

Q.  Supposing  the  dash-pot  to  be  situated  as  represented 
Aere,  where  Avould  be  the  corresponding  place  for  a  loose 
connection  ? 

A.  About  there. 

Q.  In  your  answer  to  the  first  question  upon  this  subject, 
where  did  you  suppose  the  dash-pot  to  be  situate,  when  you 
placed  the  loose  connection  in  the  ])osition  you  have  in¬ 
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A.  Underneatli  the  valve  which  is  represented  in  that 
model. 

Q.  Will  you  now  examine  this  drawing  (handing  it  i) 

A.  Here  a  chain  is  introduced  between  the  valve  and  the 
engagement  to  the  apparatus  for  rlisconnecting. 

Q.  Where  is  the  dash-pot  ? 

A.  The  dash-pot  is  above. 

Q.  As  represented  in  that  drawing,  is  tlie  loose  connec¬ 
tion  in  a  corresponding  jdace  with  the  strap  upon  the  de¬ 
fendants’  machine  ? 

A.  Ho,  sir  ;  in  a  different  place. 

Q.  What  is  the  object  of  the  adjustable  cup  in  Sickels’ 
machine  ? 

A.  So  as  to  bring  the  fluid  contained,  in  a  proper  relation 
to  the  seat  of  the  valve,  so  that  the  weight  mav  be  arrested 

?  f  ■ 


at  a  proper  point. 

Q,  Do  you  or  not  consider  it  to  be  a  substantial  part  of 
that  apparatus  ? 

A.  Yes,  sir. 

Q.  Will  you  examine  the  defendants'  machine,  and  se 
whether  or  not  you  see  any  secondary  reservoir  tliere  { 

A.  There  is  none,  and  no  necessity  for  it. 

Q.  Why  not '? 

A.  Because,  in  arresting  the  descent  of  the  valve,  there  i 
nothing  so  accurate  required  as  that  adjustment ;  for,  win 
ther  the  weight  falls  a  little  more  or  a  little  less  than  to  it 
ultimate  point,  so  that  the  valve  covers  its  seat,  is  no 
material. 

Q.  When  should  the  weiglit  be  arrested  in  tlie  defendant 
machine  ? 

A.  When  the  valve  has  covered  its  seat — any  point  bt 
tween  the  point  at  wliich  it  is  covered,  and  that  exten 
which  the  lap  of  the  valve  itself  allows  ;  in  ih/i^  (Sickels' 
when  the  valve  is  closed,  it  can  go  no  farther  ;  it  allows  u 
no  further  motion  than  to  its  positive  termination  ;  preced 
ing  that  instant  of  adjustment,  it  is  necessary  to  check  it 
whereas,  in  the  defendants’,  the  valve  need  not  be  arreste' 


until  after  the  opening  is  closed  by  the  valve;  that  libert 
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1045  or  limit  may  l)e  extended  by  extending  the  limit  of  the  lap 
of  the  valve. 

Q.  Have  yon  observed  any  result  in  the  defendants’  ma¬ 
chine,  from  the  motion  of  the  valve  upon  its  seat,  before  the 
port  is  open.  If  so,  state  what  result? 


I  A.  The  progress  of  the  valve,  at  the  point  of  closing  the 
/  port,  etfects  a  much  more  sudden  action  upon  the  steam 
I  than  if  interrupted  in  its  progress  before  that  period  or  that 
I  point  of  retardation,  so  as  to  be  seated  upon  its  seat  without 
j  injury.  The  rapidity  of  motion  conduces  to  the  rapid  or 

1046  sudden  cut  off  of  the  steam,  and  therefore  leaves  the  steam 
^  from  the  boiler  to  act  at  greater  tension  upon  the  piston 

until  the  valve  is  closed  ;  because  the  longer  the  steam  in 
its  highest  tension  acts  upon  the  piston  before  being  cut  off*, 
the  more  effective  will  the  expansio}i  be,  and  the  more 
i  economical  will  it  be. 

Q.  Will  the  description  in  Sickels’  specification  teacii 
you,  as  a  practical  builder  of  steam-engines,  how  to  con¬ 
struct  the  machine  of  the  defendants  ? 

A.  No,  sir. 

Q.  Will  you  state  what,  if  any,  guide  it  would  be  to  you 

1047  in  the  construction  of  the  defendants'  machine,  or  whether  it 
would  be  any  ? 

A.  Very  little  guide  in  any  respect.  It  diff'ers  from  the 
ordinary  high-pressure  engine,  so  that  its  peculiarities  seem 
almost  to  place  it  in  another  character  of  arrangement.  It 
is  so  diff'erent  from  the  ordinary  slide-valve  or  valves  (there 
being  four  of  them)  and  rotating  valves,  controlled  b}^  the 
governor  in  the  manner  set  forth,  that  it  would  be  no  guide 
in  the  construction  of  either  puppet- valves  or  ordinary  slide- 
11048  valves  ;  neither  would  either  of  these  forms  be  any  guide  tr> 
I  the  construction  of  this,  (Sickels’.) 

\  Cj.  Does  the  result  obtained  in  the  engine  of  the  defend- 
!  ants  differ  in  kind  or  in  degree  from  that  obtained  by  the 
_  apparatus  of  Sickels  ? 

A.  It  is  diff'erent  in  kind.  The  result  in  the  defendants' 
machine  is  to  equalize  the  motion  through  the  cut-off  valve. 
The  result  in  the  plaintiffs’  machine  is  to  economise  steam, 
without  in  any  way  controlling  the  velocity  of  the  engine, 
1049  01-  regulating  it. 

Q.  How  much  does  the  weight  used  in  the  defendants' 
machine,  for  the  purpose  of  closing  the  valves,  weigh  ? 

A.  (Testing  it.)  It  seems  about  the  size  of  a  fifty- 
six. 

Q.  What  is  the  power  of  that  engine  ? 

A.  Twenty  horse-power. 

Q.  How  do  you  estimate  the  horse-power  of  engines  ? 

A.  The  rule  universally  adopted  for  a  horse-power  is  the 


power  to  raise  33,000  lbs.  one  foot  high  in  a  minnte;  or  1 
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lb.  33,000  feet,  the  velocity  liaving  as  niucli  to  do  as  the  1050 
weight. 

Q.  How  many  times  does  that  represent  tlie  ])ower  of  tliis 
engine  ? 

A.  Twenty  times  33,000  lbs.  Avill  give  660,000  lbs. 

On  being  cross-examined  by  Mr.  Kellcr\  tlie  witness, 
Thomas  B.  Stillmans  testified  as  follows : 

Q.  To  what  capacity  of  engine  would  these  puppet  val\'es 
be  suitable  ? 

A.  In  a  low-pressure  engine,  they  are  about  the  size  we 
use  for  a  fifty  horse-j^ower — about  the  size  of  an  ordinary  105 1 
ferry-boat’s  valves.  In  our  large  steamers  we  have  them 

,  twenty  inches  in  - - ' 

~  Q.  'Tv'enty  inches  in  diameter — then  wliat  is  the  power 
of  the  engine  ? 

A.  ISTominally  one  thousand  horse-power.  There  is  no¬ 
thing  very  exact  required,  so  that  they  are  large  enough. 

If  they  are  larger  than  necessary,  there  is  no  other  result 
than  requiring  additional  power — ^more  machinery — cost  of 
constmetion,  &c. 

Q.  As  a  general  rule  which  work  easiest — the  balanced  1052 
puppet-vales,  or  the  slide-valves  i 

A.  In  our  large  engines  we  use  l>alanced  i^nppqkvalves. 
mostly — almost  univei*sally.  - - -  ^ 

Q.  Is  it  because  they  require  less  power  to  work  them  i 

A.  Yes  ;  because  they  balance  themselves,  and  have  less 
friction. 

Q.  Which  will  give  the  greatest  area  of  opening  witli  a 
given  amount  of  motion — the  puppet-valve  or  slide-valve^ — 
assuming  the  port  to  be  of  the  same  area  in  both  cases  ? 

A.  That  de23ends  upon  the  ^proportions  of  the  ports. 

Q.  Taking  the  usual  proportions  that  are  practiced  i  io58 

A.  It  is  designed  always  to  give  them  a  rapid  opening 
— to  02)en  them  as  rapidly  as  it  can  be  necessary  to  fill  the 
cylinder;  and  the  velocity  with  which  a  slide-valve  is 
opened,  the  form  of  the  jport,  as  well  as  the  area  of  the  port, 
have  to  do  with  that  question,  and  it  depends  upon  the  ad- 
j  ustment  of  those  relative  elements. 

Q.  Suppose  you  have  a  valve  that  just  covers  the  area  of 
that  port,  which  will  ^present  the  greatest  area  of  opening  for 
the  admission  of  steam — to  lift  the  valve  from  its  seat  one- 
eighth  of  an  inch,  or  fo  slide  it  over  the  port  one-eighth  of  an  1054 
inch  ? 

A.  That  would  depend  upon  the  proportions. 

Q.  Taking  these  proportions  ? 

A.  It  would  require  calculation  to  know  what  the  pro¬ 
portion  to  the  circumference  of  a  valve  would  be. 

Q.  1  am  taking  this  identical  form  of  apertni-e,  with  a 


1055  value  just  covering  that ;  wliicli  would  present  the  greater 
area  of  opening  for  the  admission  of  steam — to  lift  up  the 
valve  from  its  seat  one-eighth  of  an  inch,  or  slide  it  over 
the  port  one-eighth  of  an  inch  ? 

A.  As  I  said  before,  that  would  depend  u])on  the  relative 
open  area. 

Q.  I  am  speaking  of  this  identical  port '( 

A.  To  take  tliat  same  valve,  it  would  of  course — 

Q.  Within  any  of  the  proportions  that  are  given  to  steam- 
ports  in  practical  engines,  either  of  the  defendants’,  or  of  any 

1056  other  in  which  the  valve  slides  over  the  port,  and  taking 
an  equal  area  of  opening  presented  by  the  port  of  a  puppet- 
valve — will  not  the  raising  of  the  puppet-valve  present  a 
larger  area  of  opening  in  the  first  opening,  than  with  a  slide- 
valve  ? 


A.  In  practice  it  does  not  result  in  any  difference. 

Q.  I  am  now  speaking  with  regard  to  the  beginning  of 
the  opening. 

A.  It  will  l)e  understood  that  a  statement,  in  order  to 
cover  the  ground  of  the  question,  must  be  made  to  give  place 
to  the  effect  of  motion,  rapid  or  slow,  as  well  as  the  propor- 
1057  tion  of  any  opening  in  a  slide-valve  ;  because  motion  has 
to  do  with  puppet  as  well  as  with  slide-valves,  and  the 
shape  or  form  of  opening  in  slide-valves  has  as  much  to  do 
with  it  as  motion ;  but  in  the  puppet- valve  the  form  is 
I  fixed — it  opens  in  the  form  of  an  annulus,  and  the  steam 

I  comes  out  as  a  hollxi.iSLjiylir^^ 

J  ' — ---Qr"A^fuiynTr^tIiis  port,  in  the  model  of  Sickels’,  to  be  of 
equal  capacity  with  the  port  in  the  defendants’  engine,  and 
assuming  this  valve  to  rise  from  its  seat  one-eighth  of  an 
inch,  while  that  valve  passes  over  the  port  one-eighth  of  an 
1058 inch — which  will  present  the  greater  area  of  opening  for 
the  admission  of  steam  ? 


A.  If  the  circumference  of  that  valve  is  greater  than  the 
length  of  that  opening,  it  will  do  it. 

Q.  I  am  taking  the  openings  as  presented  in  the  plaintiffs' 
and  defendants’  engines  ? 

A.  Those  engines  must  be  constructed  upon  the  same 
scale,  in  order  to  give  the  eye  any  idea. 

.  Q.  Cannot  you  conceive  two  engines — one  with  puppet- 
1059  valves  and  the  other  with  rotating  valves,  with  the  same 
area  of  opening  and  the  same  capacity  of  cylinder,  to  be 
built  ? 

A.  I  can  conceive  that  eff'ect  to  be  precisely  the  same  in 
both  cases. 

Q.  When  you  move  the  puppet-valve  an  eighth  of  an 
inch,  and  the'slide  or  rotating  valve  an  eighth  of  an  inch, 
which  will  present  the  larger  area  of  o])ening  for  the  admis¬ 
sion  of  steam  ? 

A.  I  do  not  know  that  it  is  a  question  that  can  be 
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answered  ;  and  the  reason  is,  that  there  must  be  a  proper- 1060 
tion  fixed.  You  must  give  me,  in  ordei' to  answer  that  cor¬ 
rectly,  the  opening-s  in  the  tAV(>  machines.  Without  it,  I 
cannot  answer. 

Q.  Have  I  not  asked  you  to  conceive  the  area  of  the  ports 
to  be  of  the  same  capacity  ( 

A.  That  has  no  relation  to  the  question. 

Q.  Why  not  ^ 

A.  Because  the  area  1ms  no  relation  to  the  form  of 
opening. 

Q.  I  told  you  also,  as  another  branch  of  my  questio]],  to 
take  the  form  of  anv  two  eno^ines  that  vou  have  seen,  as  1061 
constructed  by  Corliss? 

A.  If  vou  will  let  me  take  a  slide  or  rotatino:  valve,  with 
an  opening  as  long  as  the  circumference  of  the  puppet- valve, 
the  answer  will  be  very  direct.  If  the  opening  of  the  slide 
valve  be  not  so  long  as  the  circumference  of  this,  to  get  an 
equal  area  of  opening,  you  must  open  the  slide-valve  more, 
give  it  a  greater  velocity,  and  make  a  Avider  opening  than 
one-eighth  of  an  inch.  You  may  do  that,  and  liaA^e  a  result 
precisely  the  same  ;  but  you  must  haA^e  an  equivalent,  either 
in  A^elocity  of  motion  or  the  Avidth  of  the  opening.  1<)62 

Q.  As  a  general  rule,  are  the  ports  of  either  rotating  or 
slidino'  Amlves  made  as  sireat  in  lenorth  as  the  circumference 
of  a  puppet-AmlA^e  ( 

A.  They  are  not. 

Q.  Then,  sir,  taking  that  as  a  standard  at  which  the  length 
of  the  port  for  a  slide-A^ah^e  is  made,  (of  less  length  than  the 
circumference  of  a  j^uppet-AmlA^e,)  and  the  valve  to  moA^e  in 
both  cases  one-eialith  of  an  inch  ? 

O 

A.  We  do  not,  in  that  case,  nnwe  them  Avith  equal 
motion.  1068 

Q.  Then,  moviiig  the  vaAesatthe  same  time  and  the  same 
distance,  Avill  not  the  puppet-vahm  present  a  greater  area  of 
opening  ? 

A.  It  presents  a  fallacy. 

Q.  Where  is  it  ^ 

A.  If  the  area  of  the  opeinng  in  the  puppet-valve  be  the 
same  as  the  area  of  opening  in  the  slide-vah’^e,  the  2)iq)pet- 
vah^e  must  be  taken  aAvay  from  its  seat  so  far  that  the 
annular  space  around  it  is  equal  to  the  aaTioIc  area  of  the  1<  >61 
(q)ening.  In  a  slide-valve,  the  Amh'e  is  moA^ed  over  the 
entire  opening,  presenting  an  opening  unobstructed.  Then, 
for  an  engine  of  equal  poAver,  you  Avant  an  o^Aening  equal  to 
the  area,  to  produce  the  same  effect,  and,  if  that  entire  area 
is  opened  in  the  same  time,  the  A^elocity  of  the  engine  being 
the  same,  the  result  Avould  be  the  same.  If  you  confine  a 
pujApet-valve  to  a  motion  of  three  inches  and  a  slide-A^alve 
to  the  same,  you  may  liaA^e  one  o]  >en  and  the  other  not. 


216 


- 

/ 


1065  Q.  Will  3^011  coniine  yourself  to  niy  question,  and  show 
me  where  the  fallacy  of  it  is  ? 

A.  Th  e  fallacy  of  the  question  is  in  supposing  it  necessary 
to  confine  the  motion  of  either  valve  to  on  e-eighth  of  an 
inch. 

Q.  I  am  not  speaking  of  the  entire  working  of  the  engine. 
I  have  a  purpose  beyond  that ;  and,  for  that  reason,  I  limit 
it  to  one-eighth  of  an  inch  ;  and  I  should  like  to  have  an 
answer  to  my  question,  if  you  feel  disposed  to  give  it  ? 

A.  Repeat  it. 

1066  Q.  I  want  to  know'  whether,  in  view'  of  the  area  of  the 
port  in  the  defendants’  engine  being  of  equal  area  with  the 
port  lor  puppet-valves,  and  the  slide-valve  moves  to  open 
its  port  one-eighth  of  an  inch  in  the  same  time  that  the 
puppet-valve  will  be  lifted  one-eighth  of  an  inch — which 
Avill  present  the  greatest  amount  of  area  for  the  admission  of 
steam  u]3  to  that  extent  of  motion  ? 

A.  If  you  mean  by  lifting  tJiis  an  eighth  of  an  inch, 
opening  it  an  eighth  of  an  inch,  it  will  be  precisely  the 

1067  same  ;  for  an  eighth  of  an  inch  in  one  will  be  the  same  as 
an  eighth  of  an  inch  in  the  other. 

Q.  Would  that  present  the  same  amount  of  opening  for 
the  admission  of  steam  ? 

A.  Precisely  the  same. 

Q.  Recollect  that  you  stated,  that  the  length  of  the  port 
in  sliding  valves  is  not  equal  to  the  circumference  of  the 
puppet- valve  ? 

A.  That  is  another  question.  Then  I  do  not  yet  under¬ 
stand  you 

Q.  Have  you  not  already  admitted,  taking  the  general 

1068  form  of  the  port  in  the  defendants’  engine,  that  the  length 
of  a  port,  for  a  given  amount  of  area,  would  not  be  equal  to 
the  circumference  of  the  puppet-valve  ? 

A.  Yes,  sir. 

Q.  Then,  the  valve  moving  in  both  cases  to  the  extent  of 
one-eighth  of  an  inch,  in  an  equal  space  of  time,  which  wdll 
present  the  greater  area  for  the  admission  of  steam  1 

A.  The  one  having  the  larger  extent,  of  course. 

Q.  Which  is  that  \ 

1069  A.  Probably  the  puppet-valve. 

Q.  Have  you  any  doubt  about  it  { 

A.  I  do  not  know"  that  I  have. 

Q.  Is  it  not,  as  a  general  rule  of  mechanics,  easier  to  start 
by  hand-balanced  puppet-valves  than  slide-valves  ? 

Q.  It  is,  where  they  cover  the  same  opening — poi’ts  of 
the  same  dimensions. 

Q.  Were  the  engines  of  the  Baltic  built  at  your  estab¬ 
lishment? 

A.  Ho,  sir. 
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Q.  Whicli  of  the  Collins’  steamers  were  built  by  you  {  1070 

A.  The  Atlantic  and  the  Arctic  f 

Q.  What  is  the  difiereuce  iu  power  required  to  start 
those  valves  by  hand,  compared  with  the  slidiuo;  valves 
used  iu  the  Ciiuard  steamers  ? 

A.  Tlie  actual  power  required  is  very  materially  less. 

Q.  As  the  puppet-valves  are  generally  operated,  do  they 
not  admit  steam  sufficiently  fast  at  the  time  of  starting  the 
piston  ? 

A.  They  do,  if  their  size  is  sufficient. 

Q.  Their  capacity  for  worldug  the  engine  being  suffi- 1071 
cient  ? 

A.  Yes.  It  is  for  that  purpose  that  valves  are  made  of 
greater  area  than  would  otherwise  l)e  necessary. 

Q.  Do  you  find  any  necessity  in  the  construction  of  en¬ 
gines  with  puppet-valves,  for  giving  the  valves  a  more 
rapid  motion  at  the  time  of  starting  i 

A.  jS^o,  sir,  we  liave  to  retard  them  sometimes  on  board 
of  steamers. 

Q.  Do  you  know  how  long  it  is  since  clieck-]‘ing*s  liave 
been  used  on  puppet- valves  i  1072 

A.  I  do  not  recollect ;  some  12  or  15  vears. 

•7  tj 

Q.  jSTow,  sir,  ^mu  stated  that  the  result  in  the  defendants' 
engine  was  different  in  kind  from  the  result  ^Ji'oduced  by 
Sickels’ ;  are  they  not  botli  intended  for  the  purpose  of 
economising  fuel  ? 

A.  One  is  almost  exclusively  confined  to  economising 
fuel,  and  the  other  to  economising  fuel  and  i*egulating  the 
machinery. 

Q.  So  tar  as  they  relate  to  the  saving  of  fuel,  is  !iot  tlie 
])urpose  of  both  the  same  ? 

A.  All  cut-offs  are  upon  a  par  in  that  respect. 

Q.  iYow,  sir,  if  the  engine  is  moving  too  fast  in  propor-  lu73 
tion  to  the  amount  of  power  generated  in  the  boiler,  with 
Sickels’  arrangement,  what  would  you  dotoclieck  thespeed 
and  save  the  steam  ? 

A.  Use  the  throttle- valve. 

Q.  Would  not  you  vary  the  cut-off;  would  you  not  shift 
the  adjustable  piece  of  the  cut-off' 

A.  That  would  be  one  way. 

Q.  Would  not  tliat  tend  to  regulate  the  motion  of  the  en¬ 
gine  ? 

A.  Yes. 

Q.  So  far  as  that  goes  towards  regulating  the  motion  of 
the  engine,  is  it  not  the  same  in  kind  with  the  regulation 
of  the  defendants’  ? 

A.  It  does  not  have  the  same  result;  it  depends  upon 
the  constant  attention  of  the  engineer  ;  and,  it  is  found, 
that  a  man  is  not  competent  to  regulate  the  motion  of  an 
28 
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1075 engine  witli  sufficient  accuracy,  by  hand;  therefore,  the 
necessity  of  an  automatic  arrangement,  by  which  it  is  self- 
7*egulating. 

Q.  ¥ow,  sir,  sup]3ose  you  were  to  add  to  Sickels’  ar- 
rangenient  a  governing  apparatus,  so  as  to  shift  the  adjust¬ 
able  piece  by  the  action  of  a  governor  ;  would  that  make  it 
an  entirely  different  inA^ention  for  the  purpose  of  cutting-off’ 
steam  ? 

A.  There  would  have  to  be  an  invention  superadded. 

Q.  Would  it  be  an  invention  or  improvement  upon  liis 
076  arrangement,  or  Acould  it  destroy  the  identity  of  the  ori¬ 
ginal  ? 

A.  It  would  destroy  a  })ortion  of  the  original. 

Q.  Wliat  portion  ? 

A.  It  Avould  destroy  tlie  arrangement ;  it  woidd  take 
from  this  arrangement  the  set-screw,  and  destroy  the  com¬ 
bination,  by  taking  one  of  its  elements. 

Q.  That  is  all  ? 

.  A.  Yes. 

A  Q.  Is  not  an  eccentric  used  sometimes,  such  as  is  repre¬ 
sented  by  this  brass  sector,  in  the  Sickels’  model ;  is  not 

1077  such  a  sector-groove  sometimes  used  as  a  means  of  adjust- 
irig  the  position  of  i^ieces  of  mechanism  ? 

'A.  Yes. 

Q.  AVould  it  not  hold  it  in  any  place  required,  just  as 
effectually  as  a  screAv 

A.  If  the  inclination  is  not  too  great,  it  Avill. 

Q.  Would  it  require  the  exercise  of  invention  to  substi¬ 
tute  a  sector  like  this  for  the  set-screAV 
A.  I  suppose  it  Avould. 

Q.  It  Avould  require  invention  to  substitute  for  the  set- 
1  screAV,  as  you  find  it  in  Sickels’  arrangement,  this  Avell- 

1078  known  sector-groove  ? 

A.  Yes. 

Q.  I  ask  you,  now,  Avhether  a  person  making  that  change 
in  Sickels’  arrangement,  would  be  using  Sickels’  invention 
or  a  different  invention  ? 

\  A.  So  far  as  the  combination  ])ateTited  by  Sickels  was 

used,  it  Avould  l)e  the  same. 

Q.  Suppose,  instead  of  lookiog  at  the  patent,  you  take 
tins  model  as  an  embodiment  of  his  invention,  and  direct 

1 0 79  your  mind  to  the  mechanism  represented  there;  now,  sir, 

j  would  the  construction  and  combination  of  this  mechanism 

l)e  entirely  destroyed — entirely  changed — by  sid)stituting 
this  brass  sector  for  the  set-screw  ? 

I  A.  It  would  change  the  set-screw  for  something  else,  and 

make  a  new  combination. 

Q.  As  an  apparatus  foi-  cutting-off  steam  in  steam-en¬ 
gines,  Avould  the  substantial  identity  of  the  combination  be 
destroyed  or  remain  the  same  ? 
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A.  Tlie  cut-oli*  would  remain  the  same.  1089 

Q.  Would  there  he  a  practical  difficulty  tor  au  engineer 
to  connect  the  o-ovemor-rod  witli  the  arm  of  this  sectoi’,  so 
as  to  set  that  adjustable  piece  at  any  position  required,  as 
indicated  by  the  velocity  ^ 

A.  Yes,  very  great  difficulty ;  the  jjower  required  to 
move  that  would  destroy  the  effect  of  tlie  ofoveruor — its  ef- 
ticient  action  and  uniformity. 

e/ 

Q.  lYould  it  require  any  more  power  to  work  that  slide, 
when  properly  constructed,  than  this  wedge-rod  in  the  de¬ 
fendants’  ?  1081 

A.  Yes. 

Q.  For  what  reason  ( 

A.  The  action  upon  the  wedges  by  the  lifting  rod  is  a 
power  directly  applied,  which  would  ordinarily  be  suffi¬ 
cient  to  control  those  balls,  and  make  them  deviate  from 
tlieir  ordinary  course. 

9. 

Q.  Confine  yourself  to  my  question.  I  am  not  speaking 
of  wedge-pieces.  I  want  to  know  whether  the  governor — 
taking  out  of  view  the  spring-catches,  as  a  means  of  gov¬ 
erning  the  position  of  the  adjustable  piece — would  there  be 
any  difficulty  in  attaching  the  governor-rod  to  this,  so  as  to  1082 
adjust  this  adjustable-piece  by  the  movement  of  the  gover¬ 
nor,  just  as  the  wedges  upon  the  defendants’  engine  adjust 
the  movable  fulcrum  ? 

A.  There  is  no  comparison  in  the  two  cases. 

Q.  AYill  you  answer  my  question  ? 

A.  I  do  answer  it. 

Q.  Yow  we  will  take  awav  this  brass  sector,  since  it  is  a 
trouble  to  you,  and,  instead  of  that,  we  will  place  a  horizon¬ 
tal  sliding-rod,  precisely  like  that,  (but  differing  merely  in 
form,  from  the  tact  of  having  an  inclined  groove  instead  of 
an  inclined  wedge,  )  to  embrace  the  stem  of  this  adjustable  1083  , 
sliding  piece,  and  have  that  comiected  with  the  governor,  as 
in  the  defendant’s  model, — would  it  then  adjust  this  stop  as 
it  does  the  movable  fulcrum  ( 

A.  It  would  not  be  the  same ;  because  it  would  require 
more  force — the  power  in  lifting  is  greater  than  in  that  ar¬ 
rangement. 

Q.  Is  there  any  more  weight  hanging  upon  these  spring- 
catches  in  the  plaintiffs’  apparatus  than  there  is  weight 
hanging  upon  the  catches  in  the  defendants’  engine  ? 

A.  There  may  be.  ]  ()S4. 

Q.  Is  there  ? 

A.  ITie  pressure  of  steam  is  to  Ije  added  to  the  weight  of 
the  valve. 

Q.  Are  those  not  balanced  valves 

A.  Yot  exactly  ;  there  is  always  an  additiun  made  to 
their  own  weight  by  the  different  area  of  the  two  valves  ; 


1085  the  pressure  of  the  steam,  constantly  varying,  will  always 
vary  the  action  of  the  governor,  w’here  that  is  uniform. 

Q.  You  have  testified  that  there  is  greater  power  re¬ 
el  uired  to  work  puppet-valves  than  slide-valves  ^ 

A.  Yes. 

Q.  In  this  machine  of  the  defendants’,  the  valves  are 
worked  by  a  falling  weight,  are  they  not  ? 

A.  Yes. 

Q.  And  the  power  of  that  weight  must  be  sufiicieut  to 
work  the  valves  ? 

1086  A.  Yes. 

Q.  In  Sickels’  arrangement,  do  the  catches  have  any¬ 
thing  more  to  do  than  simply  to  lift  the  valves  themselves  ? 

A.  They  have  the  same  office  to  perform,  but  in  a  varia¬ 
ble  degree. 

Q.  Answer  my  question.  In  Sickels’  have  the  catches 
anything  more  to  do  than  to  open  the  valves^ 

A.  When  engaged,  to  lift  the  valves. 

Q.  Ill  the  defendants’,  do  not  the  catches  have  to  open  the 
valves  and  lift  the  weight  i 

A.  Yes. 


108T  Q.  Is  there  not  more  jiower  exerted  upon  the  catches  in 
the  defendants’  than  in  the  plaintiffs’  ^ 

A.  Admitting  that  there  should  be  the  same  power  re¬ 
quired,  the  one  would  be  uniform  and  the  other  not. 

Q.  You  have  sworn  that  puppet-valves  are  more  easily 
lifted  from  their  seats,  then  sliding  valves  are  made  to  slide 
over  their  seats '( 

A.  I  will  explain  a  little.  The  [)uppet-valve  requires 
nearly  all  the  power  to  l)e  exerted  at  tlie  instant  of  open- 

1088  ing  ;  after  it  is  raised  from  its  seat,  (one-eighth  of  an  inch  il' 
you  jilease,)  no  more  power  is  required  upon  it,  or  a  very 
slight  power;  a  blow  as  it  were — an  instant  of  time,  over¬ 
comes  that  resistance ;  but  in  the  slide-valve,  while  it  con¬ 
tinues  longer,  the  pressure  is  more  uniform ;  and  tliat 
constitutes  a  material  difference  in  the  two  valves ;  because, 
when  a  slide-valve  covers  its  port  entirely,  it  is  harder  to 
move  than  the  balanced  valve  ;  but,  having  moved  so  as  to 
open  the  port,  it  moves  as  easy  as  any  other. 

1089  Q.  Must  not  that  weight  be  sufficient  to  ]nove  the  valve, 
when  the  port  is  closed  ? 

A.  The  weight  must  be  sufficient  to  close  the  port. 

Q.  Does  not  the  weight  move  tlie  valve  after  the  port  is 
(dosed  ? 

A.  It  may,  or  may  not. 

Q.  I  ask  you,  as  a  witness,  is  Jiot  the  weight  used  by  the 
defendants  in  their  engine  sufficient  to  move  the  valve 
when  the  port  is  closed 

A.  Ho  sir ;  in  instances  which  I  have  seen,  the  valve  was 
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arrested,  and  it  required  a  force  applied  by  the  eccentric,  1090 
through  this  collar  to  that^  to  close  tlie  Auilve  after  the 
weight  had  stopped. 

Q.  When  that  engine  is  at  work,  is  the  port  closed  be¬ 
fore  the  weight  is  stopped  ? 

A.  The  friction  of  the  valve  itself  closes  it  before  tlie 
weight. 

Q.  Which  was  to  make  the  valve  close  the  port  (  Was  it 
the  weight  or  the  valve  itself  i 

A.  The  momentum  of  the  weight  brought  it  as  far  as  it 
did.  "  1091 

Q.  Then  is  not  that  weight  suthcient  to  close  the  valve? 

A.  Of  course. 

Q.  That  weight  must  be  equal  to  the  power  wliich  is  ne- 
cessarv  to  work  the  valve  ? 

t 

A.  It  was  insufficient  to  move  the  valve  after  it  came  to 
a  state  of  rest. 

Q.  Assume  it  to  be  a  little  less.  AYill  not  the  amount  of 
power  required  to  be  exerted  upon  that  catch,  to  open  the 
valve  and  to  lift  that  weight,  be  greater  than  the  amount 
•  )f  power  required  to  lift  the  valve  in  Sickels’  ? 

A.  It  would  depend  upon  their  proportion.  1092 

Q.  Taking  the  same  capacity  of  engine  ? 

A.  I  do  not  know  that  there  would  be  dilterence  enough 
to  make  it  any  object. 

Q.  Would  it  not  be  materially  greater  in  the  defend¬ 
ants’  than  in  the  j^laintilfs’  ? 

A.  No,  sir ;  I  should  think  not. 

Q.  Now,  sir,  you  said  a  while  ago,  that  it  required  a  great 
deal  more  power  to  lift  balanced  puppet-valves  than  it  did 
to  move  them  after  thev  ^vere  lifted.  Have  the  catches  to 
be  liberated  at  the  instant  of  opening  the  valve,  or  after  1093 
the  valve  is  opened  ? 

A.  After  it  is  opened. 

Q.  Then  Avhy  do  bring  into  your  answer  the  additional 
])ower  required  at  the  time  of  opening  ? 

A.  To  illustrate  the  ditterence  between  a  puppet-valve 
under  all  its  circumstances  and  the  slide-valve  under  all  its 
circumstances,  and  its  elfect  upon  the  govern oi‘. 

Q.  As  these  catches  have  to  be  disengaged  after  the 
valve  is  opened,  will  they  liave  to  sustain  any  more  than  1091 
the  weight  of  the  valves,  and  will  that  be  equal  to  the 
amount  of  weight  sustained  upon  the  catches  of  the  defend¬ 
ants’  during  tlie  operation  ? 

A.  In  a  simple  case,  I  suppose  not. 

Q.  Then,  sir,  will  it  require  in  that  case  more  power  to 
open  the  catches  in  the  plaintiffs'  than  it  will  to  open  the 
catches  in  the  defendants’  ? 


I 
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1005  A.  If  the  catches  are  precisely  the  same  in  their  angle — 
in  their  form — I  suppose  it  would  not. 

Q.  Is  there  any  necessity  for  there  being  a  greater  engage¬ 
ment  to  the  catches  in  the  plaintiffs’,  than  in  the  defend¬ 
ants’  ? 

A.  I  think  there  is. 

Q.  Why  so  ? 

A.  You  must  have  an  engagement  sufhciently  sure  to 
])revent  the  valves  falling  of  their  own  weight. 

Q.  Do  you  not  do  the  same  with  the  defendants'  ( 

A.  Yes,  there  is  a  rod  which  draws,  but  a  little  different. 

1 096  Q-  What  difference  is  it  ? 

A.  I  do  not  know  that  it  would  be  sufficient  for  any¬ 
thing. 

Q.  Must  not  tile  catches  be  so  that  they  must  ensure 
catching,  in  the  plaintiffs’  and  in  the  defendants’  ? 

A.  There  is  no  material  difference,  that  I  can  conceive. 

Q.  blow  then,  sir,  is  not  the  power  of  the  wedges,  as  a 
mechanical  power,  equal  to  the  power  of  the  lever,  taking 
like  proportions  ? 

A.  There  is  more  loss  of  power  by  the  wedge. 

1097  Q-  In  what  way  ? 

A.  By  friction. 

Q.  Is  there  any  loss  of  power  by  friction  in  the  defend¬ 
ants’  ? 

A.  Very  slight  in  that  lever,  in  that  portion  of  it. 

Q.  Does  not  the  lever,  at  the  time  it  liberates  the  catch, 
slide  upon  a  movable  stop  ? 

A.  It  may. 

Q.  Does  it  not  ( 

A.  Yes. 

Q.  Then,  sir,  if  you  have  a  sliding  motion  of  an  equal 

1098  amount  of  power — one  to  be  overcome  by  the  wedge  and 
the  other  by  the  lever — by  what  law  of  mechanics  can  one 
i-equire  a  greater  amount  of  power  than  the  other 

A.  Where  equal,  there  would  be  no  difference  in  power. 

Q.  In  view  of  that  fact,  why  is  it  that  you  cannot  apply 
jirecisely  the  same  arrangement  of  the  governor  to  the  mov¬ 
ing-stop  of  the  ])laintiffs’  engine,  to  regulate  the  cut-off'  by 
the  governor  'i 

A.  It  requires  some  iiiventioji  to  do  it. 

1099  Q-  I  will  supply  that  for  you.  I  will  have  a  sliding 
piece  with  an  inclined  groove,  liaving  the  same  inclination 
as  the  wedges  on  the  sliding  bar  of  the  defendants’.  I  will 
do  all  that  for  you,  and  then  I  will  ask  you  whether  it  will 
regulate  the  cut-off:'  of  the.  steam  as  it  does  in  the  defend¬ 
ants’  ? 

A.  The  friction  in  this  (defendants’)  operation  is  over¬ 
come  by  the  eccentric.  The  friction  in  that  (Sickels’)  must 
be  overcome  by  the  governor. 


Q.  Tlie  friction  in  this  (Sickels’)  innst  be  overcome  bv  tlie  1100 
governor  ? 

A.  Yes. 

Q.  Does  this  bar  slide  at  the  moment  the  catches  are 
being  disengaged  ( 

A.  So  far  as  the  friction  is  concerned. 

Q.  I  ask  yon  whether  the  governor  is  capable  of  moving 
at  the  moment  of  disengagement,  in  the  defendants’  i 

A.  The  effect  would  be  upon  that  inclined  plane  at  the 
moment  of  disengagement. 

Q.  To  jn'event  the  governor  trom  moving,  would  it  not '  1101 

A.  Precisely. 

Q.  In  the  plaintiffs’  it  will  hold  the  governor  still  when 
disengaging ;  will  it  not  leave  it  perfectly  free  to  nn^ve 
when  not  disengaging  ? 

A.  There  appears  to  he  a.  difference  there.  There  seems 
to  be  a  difficiiltv  in  mv  own  mind  with  regard  to  the  mov- 
ing  of  the  eccentric. 

The  Comt  then  adjourned  till  dannary  Sth.  1S55.  at  11 
o’clock  A.  M. 


January  8th,  1855,  11  o’clock  A.  M.  1102 

The  cros8-exariiinatwn  of  the  witness,  Thomas  B.  Stilt - 
man^  was  resumed : 

Q.  At  the  time  of  the  adjonrmneiit  of  the  coiu*t,  on  Fri¬ 
day,  I  had  directed  your  attention  to  the  coinj^arative 
amount  of  power  recpiired  to  disengage  the  valves  in  the 
plaintiffs’  and  in  the  defendants’  arrangements.  You  were 
under  the  impression  that  in  the  defendants’s  arrangement 
the  friction  in  disengaging  the  catches  is  overcome  by  the 
eccenti’ic,  and  that,  if  the  governor  be  applied  to  Sickels', 
the  friction  would  have  to  be  overcome  by  the  governor. 

I  will  ask  you  whether,  in  both  the  plaintiffs’  and  defend- 11  (jy 
ants,  the  force  required  to  disengage  the  catches  is  not  to 
be  overcome  entirely  by  the  eccentric,  in  operating  the 
valve-gear  ( 

A.  It  would  not  in  the  plaintiffs’,  unless  through  the  ap¬ 
plication  of  a  sector  similar  to  that  in  the  model  which  we 
had  before  us  at  that  time.  If  the  governor  be  attached  to 
the  sliding-piece  or  wedge,  the  governor  would  have  to  re¬ 
sist  the  tendencv  which  the  force  of  the  valve  in  rising  11  ul 
would  apply  to  it,  and  consequently  would  receive  the 
same  force  which  the  eccentric  exerts  in  opening  the  valve, 
with  a  sector  or  inclined  plane  attached ;  which,  not  being 
a  pai-t  of  Sickels’  arrangement,  it  was  not  considered  as  be 
longmg  to  it.  The  circumstances  are  more  nearly  similar. 

The  eccentric  must  exert  the  force  necessary  to  open  oi-  dis¬ 
connect  the  valves.  The  governor  is  incapable  of  doihg  it 


\ 

1105  properly.  Tlie  governor  acts  most  perfectly  when  under 
no  resistance  whatever.  It  hears  no  restraint;  for,  any 
force  exerted  upon  the  sliding  piece  of  the  governor  will 
operate  to  change  the  position  of  the  balls,  and  conse¬ 
quently  to  affect  the  apparatus  which  it  is  intended  to 
move  ;  and  that  apparatus,  applied  to  the  governor,  will 
he  the  best  which  acts  Avith  least  force,  or  during  the  short¬ 
est  period. 

Q.  My  question  had  reference  to  applying  the  governor 
to  the  sliding  piece,  either  by  means  of  this  sector,  or  by 

1106  means  of  a  slide  like  the  wedge-slide  upon  the  defendants^ 
Wlien  the  governor  is  applied  in  that  way  to  Sickels’.  will 
not,  in  both  Sickels’  and  in  the  defendants’,  the  poAver  re¬ 
quired  to  disengage  the  A^ah^e  Iac  exerted  through  the 
eccentric  alone? 

A.  That  Avould  depend  upon  tAVO  circumstances. 

Q.  I  AAush  you  to  ansAver  my  question,  and  then  give  any 
explanation  you  choose.  I  am  spealdng  now  of  the  gover¬ 
nor  applied  to  the  adjustable  piece  in  Sickels’  j)i’ecisely  as 
it  is  applied  by  the  Avedge-rod,  operated  by  the  governor, 

1107  in  the  defendants’ ;  and  I  Avaiit  to  knoAv  Avhether,  under  that 
■  arrangement,  the  poAver  to  disengage  the  valves  will  not 

be  applied  wholly  1)y  the  A^alve-gear  deriving  power  from 
the  eccentric  ? 

A.  The  circumstances  in  other  respects  being  the  same, 
it  Avill  be  the  same. 

Q.  That  last  ansAver  needs  another  question.  Will  not 
the  circumstances  be  the  same  in  both,  under  that  arrange¬ 
ment  ? 

A.  ffo  describe  the  circumstances  Avhich  Avould  render 
them  dissimilar,  it  is  necessary  that  I  should  refer  to  one 

1108  peculiarity,  Avhich  on  Friday  Avas  remarked  iipon  at  some 
length,  Avliich  is  the  comparative  force  required  to  lift  these 
valves. 

Q.  I  am  asking  you  Avhether  the  circumstances  in  the 
two  machines  will  not  be  the  same,  so  far  as  regards  the 
disengagement  of  the  catches  by  the  power  derived  from 
the  eccentric.  I  am  not  asking  as  to  the  difference  between 
the  power  required  for  the  two. 

A.  Then  I  suppose  it  would  l)e  the  same. 

1109  Q.  If  you  want  to  make  any  remark  upon  the  testimony 
on  Friday,  I  do  not  Avish  to  prevent  you. 

A.  In  regard  to  the  power  required  to  move  a  slide- vah^e 
and  puppet- valve,  I  suppose  I  misapprehended  the  questioji. 
The  question  was  asked  AAdiether  the  lifting  of  a  j)uppet- 
valve  one-eighth  of  an  inch  would  not  give  an  equal  area 
to  the  sliding  valve  lifted  one-eighth  of  an  inch.  I  did  not 
apprehend  that  it  had  any  reference  to  the  absolute  open¬ 
ing  produced  by  a  lift  of  an  eighth  of  an  inch.  I  suppose. 
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now,  that  it  had  relation  to  that,  and  I  wisli  to  correct  tlielllO 
answer,  if  it  did  so,  by  stating  tliat  a  conical  valve,  lifted 
an  eighth  of  an  inch,  will  not  open  as  large  an  area  as  tlie 
sliding  of  a  valve  npon  a  plane,  because,  from  the  conical 
form  of  the  valve,  although  it  be  lifted  one-eighth  of  an 
inch,  it  is  not  removed  from  its  seat  one-eighth  of  an  inch. 


The  piston  in  a  cylinder,  when  lifted,  is  not  raised  from  its 
seat  at  all.  A  disc  lifted  perpendicularly  to  a  flat  surface, 
will  be  raised  from  its  seat  as  much  as  it  is  lifted.  If  it  be 
conical,  it  has  a  form  intermediate  between  the  cylindei’ 
and  the  horizontal  disc,  and  the  opening  will,  therefore,  be  fill 
somewhat  in  proportion  to  the  shape  of  the  cone.  I  snp- 
])ose  I  did  not  apprehend  the  question  then  asked,  from  the 
fact  that  a  reference  to  the  circnmference  of  a  valve,  and 
the  length  of  the  opening  was  not  required,  whicli  wonld 
l)e  necessaiy  in  order  to  answer  directly  whether  the  area 
wonld  be  equal  in  the  one  and  the  other. 

Q.  Did  I  misnnderstand  yon  when  yon  stated  that  pnp- 
}>et- valves  admit  the  steam  to  the  cylinder  with  sufficient 
city  at  the  time  of  starting  the  piston  ? 

A.  They  usually  do. 

Q.  It  was  merely  with  reference  to  that  that  I  examined  1112 
you  with  respect  to  the  relative  area  of  the  ports — to  estab¬ 
lish  that  one  fact.  ISTow,  sir,  if  there  be  any  difference  in 
tlie  amount  of  power  required  to  disengage  the  valves  in 
the  defendants’  and  in  the  plaintiffs’,  as  I  have  supposed  it, 
with  a  slide  or  a  sector  connected  with  the  governor,  will 
not  that  difference  be  immaterial,  in  view  of  its  being  de¬ 
rived  from  the  eccentric  ? 

A.  1^0,  sir;  the  less  power  required  to  disengage,  the 
less  time  may  be  required  to  perform  it ;  if  the  valves  of 
the  defendants’  machine  be  moved  with  less  force  than  or- 1113 
dinary  slide-valves,  or  ordinary  puppet-valves,  the  motion 
may  be  performed  quicker,  and  tlierefore  will  be  accom- 
])lished  in  a  less  space  of  time ;  and  while  the  governor  is 
in  contact — while  it  is  acting  upon  the  fulcrum,  or  upon  the 
catch,  it  will  be  controlled  in  a  measure,  and  the  less  time 
it  is  under  that  influence  the  better. 

Q.  Then,  sir,  as  you  have  had  time  for  reflection  since 
Friday, — at  the  time  of  disengaging  the  valve  in  the  de¬ 
fendants’  and  in  the  plaintiffs’,  taking  two  engines  of  equal  Hid 
power,  of  equal  capacity,  and  working  at  equal  velocity, 
which  will  have  the  greatest  amount  of  pressure  upon  the 
catch — the  plaintiffs’  or  defendants’  ? 

A.  I  suppose  the  power  required  to  be  the  same. 

Q.  In  view  of  its  being  the  same,  is  there  any  necessity 
for  the  catches  taking  greater  hold  in  the  one  than  in  the 
other  ? 

A.  I  think  not. 

29 
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1115  Q.  Now,  sir,  whether  you  effect  tlie  clisengagemeut  by 
means  of  a  wedge  or  a  lever,  in  view  of  the  power  being 
the  same  in  the  two,  cannot  the  one  l)e  effected  in  as  short 
a  period  of  time  as  the  other  ? 

A.  I  think  not. 

Q.  I  would  like  to  have  your  judgment  upon  that  point. 

A.  We  suppose  the  power  of  the  eccentric  to  he  unlimit¬ 
ed  for  that  purpose.  The  wrist-plate,  as  a  medium  of 
transmission,  may  be  made  to  move  the  lever  with  more 
velocity  than  that  portion  of  the  machinery,  namely,  the 
lifter.  If  it  liave  more  velocity,  it  will  disengage  sooner.  If 

1116  it  have  more  scope  in  its  motion  than  the  lifter  has  in  the  ope¬ 
ration,  it  will  move  sooner,  move  quicker,  and,  though  it  have 
to  exert  a  greater  stress  at  some  points,  yet,  having  sufficient 
power  to  disconnect  with  a  greater  velocity,  it  does  act  in 
a  shorter  space  of  time,  and  therefore  will  be  better,  so  far 
as  the  governor  is  concerned. 

Q.  \  on  have  not  answered  my  question  yet.  When  a 
given  weight  is  to  be  moved  to  a  given  distance,  cannot  it 
be  done  in  an  equal  S})ace  of  time  ])y  the  wedge  and  by 
the  lever  ? 

HIT  A.  Yes,  sir.  ^  ' 

Q.  Well,  then,  where  will  be  the  difference  in  using  the 
one  or  the  other  ? 

A.  As  I  said,  it  will  arise  from  the  capability  of  the  mo¬ 
tion  of  the  wrist-plate,  as  it  will  have  a  greater  scope,  and 
therefore  may  l)e  made  to  give  a  greater  velocity  to  that 
j)art  which  disengages,  than  the  valve-rod  is  capable  of 
giving,  inasmuch  as  it  is  limited  to  the  lift  of  the  valve. 

Q.  Now,  sir,  taking  the  defendants’  and  the  plaintiffs' 
models  as  exaiujffes,  which  has  the  greater  capability  foi’ 


1118  disengaging  ? 

A.  The  defendants’  seems  to  liave  the  greatest  capability 
of  rapid  disengagement. 

Q.  Does  not  the  catch  take  as  much  hold  in  the  one  as 
in  the  other  ? 

A.  It  may  the  same. 

Q.  Now,  then,  assuming  that  it  does  take  hold  the  same, 
cannot  you  give  as  great  a  i^roportion  to  the  inclination  of 
the  wedge  as  you  do  to  the  arms  of  the  lever,  to  effect  that 
disengagement  in  the  same  space  of  time  ? 

1119  A.  You  would  be  limited  by  the  distance  which  the 
valve  lifts — that  being  the  entire  scope  of  the  motion  ;  in 
the  otlier,  you  are  not  thus  limited ;  increasing  the  size  of 
your  wrist-plate  indeffnitely,  your  motion  would  have  a 
velocity  in  proportion  to  that  enlargement. 

Q.  Cannot  you  enlarge  the  inclination  of  the  wedge  in 
the  same  proportion  ? 

A.  It  would  be  difficult. 
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Q.  Why  so  ?  1120 

A.  If  it  were  greatly  extended,  it  would  present  an  ol)- 
struction,  and  increase  the  force  upon  the  sector. 

Q.  Xow,  sir,  what  is  the  extent  of  the  depth  of  the  notch 
required,  for  an  engine  of  the  capacity  of  the  defendants’, 
to  latch  the  valve  ? 

A.  I  do  not  think  it  essential  that  any  fixed  depth  should 
be  had. 

Q.  Is^ow,  Mr.  Stillman,  as  a  practical  question,  would 
the  difference  in  this  capacity  to  disengage,  upon  the  de¬ 
fendants’  and  the  plaintiff's’  plan,  he  a  material  difference  ?  1 1 21 

A.  I  think  not  very  essential. 

Q.  ]^ow,  sir,  is  not  the  force  depending  upon  the  catc^^i 
to  he  disengaged  in  the  defendants'  greater  than  it  is  in  tlie 
plaintiffs’  ? 

A.  I  should  think  not. 

Q.  Tlie  disengagement  always  takes  ])lace  in  both  after  • 
the  valve  has  been  lifted — does  it  ]iot  ? 

A.  Yes. 

Q.  You  have  testified  that  the  power  to  work  a  pu])pot- 
valve  is  less,  in  practice,  than  the  power  required  to  Avork 
rotating  or  slide- vah^es — haA^e  you  not  ?  1122 

A.  That  ansAver  related  to  the  ordinary  kinds  of  slide- 
valves  alluded  to  l)y  the  counsel. 

Q.  So  far  as  regards  the  poAver  for  Avorking  the  valves, 
will  it  be  any  less  in  the  defendants’  A\alves  than  in  ordi¬ 
nary  slide-A^alves  ? 

A.  I  think  so,  A^ery  much. 

Q.  For  AAdiat  reason  ? 

A.  The  ordinary  slide-Audve  covers  all  the  port,  and  has 
a  constant  pressure  upon  it — A^ery  little  mitigation  of  tlie 
pressure  under  any  circumstances  ;  in  the  detendants’,  tlie  112^ 
moment  the  A^ah^e  is  remoA^ed  from  its  seat,  it  is  entirelv 
separated  from  any  pressure  upon  it — as  much  so  as  in  the 
puppet-valves,  they  being  discoimected  from  tlie  exhaust 
valves. 

Q.  Are  not  the  puppet- valves  balanced 

A.  They  are  A^ery  nearly  balanced. 

Q.  After  the  valve  is  opened,  do  yon  have  anything  more 
than  the  Aveight  of  the  valve  depending  u])on  the  catch  ? 

A.  The  A'ah^e  and  its  appendages. 

Q.  Does  not  the  AA^eight  A\diich  aauis  employed  for  closing  il24 
the  vaDe  in  the  defendants’,  and  its  a])pendages,  hang  njion 
the  catch  after  the  A^alve  is  opened  ? 

A.  Yes. 

Q.  Aoav,  sir,  AAull  you  testify  that  that  Aveight  in  the  de¬ 
fendants’  is  less  than  the  Aveight  of  the  vah^e  and  its  ap¬ 
pendages  in  the  plaintiffs’  ? 
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1125  A.  I  suppose  them  to  be  equal ;  I  know  nothing  of  their 
actual  weight. 

Q.  Supposing  them  to  be  equal,  is  there  not  depending 
upon  the  catch,  at  the  time,  not  only  this  weight,  but  the 
power  necessary  to  move  the  valves  notwithstanding  they 
are  opened  ? 

A.  It  requires  no  power,  comparatively,  to  move  the 
valves,  as  there  is  no  pressure  upon  them  at  the  time  of 
being  opened ;  the  pressure  upon  the  valve  is  no  circum¬ 
stance. 

1120  Q.  hlow,  sir,  turning  your  attention  to  this  weight  here, 
(defendants’  plunger,)  I  will  ask  you  whether,  in  a  .twenty- 
horse-power  engine  working  with  puppet-valves,  the  weight 
of  the  valves  is  equal  to  that  weight  ? 

A.  They  may  not  be  so  heavy  as  that  weight,  but  will 
not  vary  much  from  it. 

Q.  TTien,  sir,  I  will  ask  you  whether  there  are  not  a 
greater  number  of  journals  and  joints  in  the  defendants’, 
the  friction  of  which  must  be  overcome,  in  working  the 
valve,  presenting  a  greater  amount  of  friction  than,  is  ])re- 

1127  sented  by  the  plaintitfs’  ? 

A.  I  think  not. 

Q.  There  are  stuffing-boxes  in  both,  are  there  not-;^ 

A.  Yes. 

Q.  Are  there  journals  in  the  defendants’  that  you -  do  not 
find  in  the  plaintiffs’  ? 

A.  There  is  no  material  difference  in  that  respect,  I 
should  judge. 

Q.  Then  it  is  your  judgment  that  the  difference  is  not 
material  between  the  two  ? 

1128  A.  In  respect  to  the  friction. 

Q.  Now,  sir,  as  to  the  time  the  governor  will  be  undis¬ 
turbed  and  free  to  act  in  the  two — in  the  defendants’  and 


in  the  plaintiffs’ — would  not  the  governor  be  held  during 
the  time  of  disengagement  ?  ^ 

A.  Yes,  sir. 

Q.  Is  there  any  necessity  for  having  the  time  of  the  dis¬ 
engagement  greater  in  one  than  in  the  other  ? 

A.  I  suppose  both  may  be  sufficiently  rapid  for  practical 
purposes. 

Q.  Now,  sir,  you  testihed  on  Friday  that  the  purpose  of 
129t]]e  two  inventions  is  different  in  kind  and  not  in  degree — 
do  not  both  cut  off  steam  witli  a  view  to  economise  fuel  ? 

A.  Yes,  sir,  they  do. 

Q.  Do  not  both,  so  far  as  they  go,  govern  the  power  of 
the  engine,  by  shifting  the  2:)oint  of  cut-off*  '^ 

A.  I  stated  on  Friday  that  the  application  of  the  govei’- 
nor  was  for  equalizing  the  motion  ;  there  is  nothing  in  Mr. 
Sickels’  arrangement  that  tends  to  equalize  the  motion. 
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Q.  If  tlie  engine  is  going  too  fast  wlien  cutting  off  at  1130 
half  stroke,  and  you  shift  the  sliding-])iece  in  Sickels’  to 
make  it  cut  off  at  one-quarter  stroke,  will  it  not  change  the 
speed  of  the  engine  ? 

A.  It  will. 

Q.  Then  do  you  not  lind  in  Sickels’  a  means  of  regulating 
the  motion  of  the  engine  ? 

A.  Only  by  hand. 

Q.  Is  that  a  difference  in  kind  or  a  difference  in  degree  ? 

A.  It  seems  not  to  be  intended  in  the  arrangement,  for 
the  purpose  of  regulating. 

Q.  Is  not  the  arrangement  a  means  of  regulating  '(  1131 

A.  It  is  not  generally  so  used,  to  my  knowledge. 

Q.  Hoav  many  engines  working  on  that  ])lan  have  you 
had  under  your  control  ? 

A.  Two  or  three. 

Q.  IN^ow,  sir,  on  board  of  a  steamboat,  when  you  want 
to  increase  the  speed  of  your  boat,  do  you  not  shift  the  ad¬ 
justable  piece,  so  as  to  make  it  cut  off  long? 

A.  We  sometimes  do. 

Q.  Is  that  not  a  means  of  regulating  the  speed  ? 

A.  That  is  one  means. 

Q.  Do  you  not  shift  it,  then,  for  the  purpose  of  increas- 1132 
ing  the  speed  ? 

A.  We  more  generally  use  a  throttle-valve  for  those  ])ur- 
poses. 

Q.  When  you  have  a  cut-off  of  that  soi-t  ? 

A.  Yes,  sir. 

Q.  On  steamboat  engines  ? 

A.  Yes. 

Q.  Is  it  not  better,  sir,  to  do  it  by  means  of  a  cut-off 
valve  ? 

A.  I  think  it  would  be  better.  We  have  generally  urged  1133 
it  upon  engineers. 

Q.  As  an  engineer,  having  the  capacity  to  regulate  the 
speed  of  the  engine  by  shifting  the  cut-off,  as  well  as  by 
shilfting  the  throttle-valve,  would  you  feel  justified  in  using 
the  throttle-valve  instead  of  the  cut-off‘? 

A.  We. are  required  to  use  the  throttle- valve.  There  are 
circumstances  existing  in  steamboats  where  the  one  would 
not  be  sufficient. 

Q.  As  a  means  of  increasing  or  decreasing  the  speed  ?  1134 

A.  In  decreasing  the  speed — protracting  a  voyage,  or 
suiting  the  motion  of  the  vessel  to  the  quantity  of  the  coal 
on  hand,  we  should  advise  the  shortening  of  the  cut-off*. 

Q.  And  yet  you  state  that  that  is  not  a  means  of  regulat¬ 
ing  the  speed  ? 

A.  I  say  it  is  a  means  of  regulating  the  speed  by  hand, 
but  it  is  not  automatic,  and  is  not  suited  for  manufacturing 
purposes,  where  more  equal  motion  is  necessary. 
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1135  Q.  ]^ow,  then,  sir,  having  this  as  a  means  of  cutting  oif, 
would  there  have  been  any  more  difficulty  in  contriving 
the  addition  of  the  governor,  either  with  this  sector  or  a  slid-  • 
ing  wedge  to  the  Sickels’  arrangement,  than  to  contrive  an 
entirely  new  valve-gear  ? 

A.  It  requires  the  same  kind  of  ingenuity. 

Q.  Well,  sir,  assuming  that  the  addition  had  been  made 
to  Sickels’,  would  that  have  been  an  improvement  added  to 
his  cut-off,  embodying  his  arrangement  for  cutting  off,  or 
would  it  have  been  an  entirely  independent  invention  ? 

1136  A.  It  would  have  been  an  independent  invention,  super- 
added  to  the  other. 

Q.  But  involving  a  cut-off? 

A.  A  cut-off  would  be  made  use  of,  as  it  is  in  various 
forms  of  cut-off*. 

Q.  When  the  throttle-valve  was  first  applied,  was  it  not 
governed  by  hand — set  and  regulated  by  hand  ? 

A.  Yes,  sir. 

Q.  When  the  governor  was  added  to  that,  was  it  an  in¬ 
vention  superadded  to  that  ? 

1137  A.  I  suppose  it  would  have  been. 

Q.  Still  involving,  however,  the  use  of  the  throttle,  and 
its  connection  with  the  engine  ? 

A.  Yes. 

Q.  And  the  change  of  the  governor  to  Sickels’  would  be 
a  change  of  that  kind  ? 

A.  Yes. 

Q.  I  will  ask  you  one  thing  in  relation  to  the  defend¬ 
ants’  engine  :  Have  you  observed  the  descent  of  the  weight 

1138  in  the  engine  ?  Does  not  the  weight  continue  to  move 
down  a  distance  after  it  has  been  checked  ? 

A.  Yes,  sir. 

Q.  The  valve,  I  understand  you  to  state,  closes  the  port 
before  the  weight  is  checked  ? 

A.  Yes,  sir,  before  it  is  stopped. 

Q.  Then  must  not  the  weight,  in  view  of  the  fact  that 
the  valve  is  closed  before  the  weight  is  checked,  and  that 
it  continues  to  move  after  the  weight  is  checked — must  not 
that  weight  be  sufficient  to  move  the  valve  when  closed  ? 

A.  Yes,  sir  ;  that,  with  the  momentum  of  the  parts,  must 

1139  be  sufficient. 

Q.  Is  not  the  momentum  nearly  arrested  before  it  makes 
its  final  descent  ? 

A.  The  movement  of  the  valve  is  very  slight  after  the 
opening  is  closed. 

Q.  Still,  it  is  moved  after  the  weight  has  been  checked 
in  its  descent  ? 

A.  Yo,  sir,  it  is  not  in  any  case  that  I  have  seen.  Tlie 
eccentric  in  the  engine  of  Messrs.  Youngs  &  Cutter  does. 
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as  now  arranged,  move  the  weight  downward  after  its  own  1140 
force  has  brought  it  to  rest. 

Q.  Then  von  think  it  is  the  niomentuni  and  not  the  weiirlit 
that  continues  to  move  the  valve  ? 

A.  Showing  that  the  momentum  of  the  weight  and  of 
tlie  parts  were  not  sufficient  to  bring  the  valve  to  the  point 
to  which  it  must  necessarily  come  to  give  proper  scope  c*f 
inotion  to  the  eccentric-rod. 

Q.  Have  yon  seen  the  engine  working  on  Corliss'  plan, 
at  the  Rollincj  Hill  in  22d  street  (  1141 

A.  Xo,  sir. 

Q.  Xow,  sir,  I  will  call  your  attention  to  the  elements  of 
this  combination.  You  stated,  in  enumeratino;  the  elements 
of  the  invention,  that  there  was  no  stem  connected  with  the 
defendants’  valve,  and  that  the  stem  in  the  puppet- valve  is 
indispensable  as  a  guide.  Xow,  sir,  are  not  puppet-valves 
very  frequently  made  with  wings,  for  the  purpose  of  guid¬ 
ing  the  valve  to  its  seat  i 

A.  They  are  frequently  so  used  in  pumps. 

Q.  Have  thev  not  been  so  used  at  times  in  steam-eiminesJ’  1142 

A.  Xot  to  mv  knowledD:e. 

Q.  In  the  AVestern  boat-engines  is  it  not  common  to  con¬ 
nect  a  stem  at  the  top  with  a  l)all  and  socket,  as  in  this 
sketch  (handing  a  drawing)  ( 

A.  Yes,  sir,  I  have  seen  them  in  that  way. 

Q.  Does  the  upper  stem  in  that  arrangement  answer 
tlie  purpose  of  a  guide  ? 

A.  The  lower  stem,  in  that  case,  is  a  guide. 

Q.  Is  not  that  ball  and  socket  connection  adopted  in 
those  engines  for  the  ])ur])ose  of  giving  the  valve  a  little 
freedom,  that  it  may  adapt  itself  to  its  conical  seat,  and  11  to 
avoid  binding  ? 

A.  It  mio-ht  have  that  elfect  wliere  the  machine  was  not 
accurately  ntted  up. 

Q.  Xow,  sir,  there  is  a  wing  in  the  defendants’  engine, 
on  the  shaft,  which  tits  into  the  groove  in  the  valve.  i)oes 
not  that  control  and  i^uide  the  valve  in  its  motion  ? 

A.  That  gives  motion  to  the  rock-shaft. 

Q.  Could  it  be  moved  Ijy  the  rock-shaft,  unless  there 
were  some  connection  between  the  rock-shaft  and  the  valve  (  1  l-t4 

A.  It  could  not. 

Q.  Is  it  not  the  leading  purpose  of  the  stem  of  the  pu])pet- 
valve,  to  form  the  connection  between  the  vah'e  and  the 
mechanism  which  is  to  operate  it  ( 

A.  Both  offices  I  consider  necessary,  in  the  application 
to  the  puppet- valve. 

Q.  AYell,  sir,  is  it  not  the  purpose  of  the  stem — its  chief 
purpose — ^to  form  a  connection  with  the  mechanism  which 
is  to  operate  upon  it  ? 
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A.  In  this  case,  it  lias  nothing  to  do  it. 

Q.  How  can  yon  coimnnnicate  motion  to  tlie  valve  un¬ 
less  there  be  a  projection  from  it  passing  out  of  the  steam- 
chest  to  the  mechanism  outside  ? 

A.  This  drawing,  (of  Watt’s,)  supposes  the  connection  to 
be  inside. 

Q.  Is  the  valve-gear  of  any  engine  inside  of  the  steam- 
chest  ? 

A.  It  is,  sometimes. 

Q.  All  the  connections  of  the  mechanism,  down  to  the 
eccentric  ? 


1116  A.  In  this,  much  of  the  mechanism  is  inside  of  the  steam- 
chest. 

Q.  How,  sir,  take  the  stem  of  the  valve,  as  in  this  appara¬ 
tus  from  the  DeLaine  mills.  Is  not  the  leading  and  essential 
purpose  of  that  stem  to  form  a  connection  with  the  mechan¬ 
ism  which  is  to  operate  the  valve  ? 

A.  That  is  an  essential  property  of  it. 

Q.  Is  it  not  the  chief  purpose  of  it  ? 

A.  Unless  there  he  a  guide  of  that  kind  attached  to  the 
valve,  it  would  he  insufficient. 

1147  Q.  Could  you,  by  any  possibility,  work  the  valve  in  that 
arrangement  without  such  a  connection  with  the  mechanism 

*  ontside  ? 

']  A.  You  could  not. 

/  Q.  Is  it  not  the  chief  purpose  of  the  rocking-shaft  in  the 

/  defendants’,  to  form  a  connection  between  the  valve  in  tlie 

/  valve-chest  and  the  mechanism  outside  ? 

I  A.  It  is. 

'  Q.  Then,  so  far  as  regards  the  commnni cation  of  motion 

to  the  valve,  is  not  that  shaft  the  equivalent  of  the  valve- 

1148  stem  in  the  plaintiffs’ 

A.  Ho,  sir,  not  exactly.  It  is  more  than  an  equivalent. 
It  serves  as  a  rock-shaft. 

Q.  I  mean,  so  far  as  it  goes,  is  it  not  an  equivalent  for  the 
means  of  communicating  motion  ? 

A.  It  communicates  motion  the  same,  so  far  as  the  valve- 
rod  will  communicate  motion. 

Q.  How,  sir,  would  it  destroy  the  substantial  identity  of 

1 149  Sickels’  combination,  to  connect  the  stem  of  the  valve  with 
a  rock-shaft,  and  to  connect  that  rock-shaft  by  catclies  with 
the  lifter? 

A.  I  do  not  know  that  it  would.  This  (Watt’s  model) 
will  show  how  it  can  be  done. 

Q.  As  in  this  case,  (defendants’  model,)  a  lifter  connect¬ 
ing  with  this  arm? 

A.  There  is  nothing  peculiar  in  the  defendants’  machine, 
in  that  resj^ect,  because  slide-valves  always  move  by  a  con¬ 
nection  formed  by  introducing  the  rock-shaft  through  the 
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steam-cliest,  and  so  make  it  commnnicate  motio]!  tothell5(» 
valve.  It  is  a  well-known  device. 

Q.  Cannot  the  j)nppet-valves  in  Sickels’  arrangement  be 
operated  for  the  purpose  of  opening  the  valves,  and  tripping 
them  to  close  the  ports,  by  an  arrangement  of  catches,  hook- 
rods  and  wrist-plates,  such  as  is  represented  in  the  defend¬ 
ants’  model  ? 

A.  I  suppose  they  might  be. 

Q.  Could  not  the  defendants'  valves  be  operated  for  the 
purpose  of  opening  them  and  tripping  them,  by  means  of 
the  lifters,  substantially  such  as  are  intimated  in  Sickels'1151 
patent  ? 

A.  They  could  be  lifted,  but  not  so  ap])ropriately  to  the 
action  of  that  cut-off. 

Q.  Now,  sir,  if  the  sole  purpose  of  the  defendants’  had 
been  to  open  the  valve,  and  disconnect  it  from  the  mechan¬ 
ism  whicli  opens  it,  at  any  desired  ]:>oint  of  the  stroke,  could 
not  the  same  thing  have  been  accomplished  by  moving 
Nliese  hook-rods  in  a  straight  line  from  a  rock-sliaft,  instead 
of  the  wrist-j)late,  and  2:>utting  a  wedge  upon  the  surface  of 
the  rod,  to  be  brought  in  contact  with  the  adjustable  stop, 
to  effect  the  disconnection  and  re-connection 

A.  It  could  have  been  done,  but  not  so  well. 

Q.  Now,  sir,  I  understood  you  to  state  that  the  defend¬ 
ants’  was  substantially  different  from  the  plaintiffs’,  because, 
among  other  things,  Sickels’  arrangement  could  cut  off, 
beyond  half-stroke,  and  the  defendants’  could  not  ? 

A.  There  is  that  difference  between  the  two  apparatus. 

Q.  Do  you  know  whether  the  defendants’  can  be  so  modi- 
iied  as  to  regulate  the  cut-off  beyond  half-stroke,  as  well  as 
within  half-stroke  ? 

A.  I  do  not  know  that  it  can.  115j 

Q.  If  it  could,  by  an  addition  or  alteration,  be  made  to 
cut-off  bevond  half-stroke,  as  well  as  within  half-stroke, 
would  that  destroy  the  substantial  identity  of  liis  arrange¬ 
ment,  all  the  rest  being  retained  as  it  is  '( 

A.  It  would  depend  upon  the  apparatus — the  extent  or 
kind  of  the  apparatus  I’eqnired  to  make  them  identical  in 
their  operation  as  Avell  as  in  form,  I  do  not  knoAv  that  L 
can  answer  that  question. 

Q.  I  am  assuming  that  the  thing  may  be  done  without  l|54 
alteration  of  his  arrangement,  but  bv  an  addition  to  his  ar- 
rangement.  Would  such  addition  to  the  arrangement  de- 
strov  the  substantial  identitv  ol‘  his  arrangement  ' 

A.  I  cannot  answer  such  a  supposition,  because  I  cannot 
trace  it  in  my  mind  to  ain^  definite  i)oint. 

Q.  If  a  person  used  Sickels'  ari-angement  and  never  re¬ 
versed  the  ad]'ustable  piece  so  as  to  regulate  beyond  the 
30 
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1155  half-stroke,  would  he  he  using  substantially  Sickels’  inveu- 
tion,  or  a  different  invention  'i 

A.  I  understand  when  the  sector  is  applied,  that  it  relates 
to  the  half-stroke. 

Q.  Taking  the  sector  off,  and  having  the  regulating  screw, 
and  the  party  never  to  use  it  beyond  half-stroke,  would  he  be 
using  Sickels'  invention,  or  a  substantially  different  inven¬ 
tion  ? 


A.  I  think  I  do  not  apprehend  your  question. 

Q.  Assume  it  to  be  constructed  precisely  like  iSickels' 
11 50  construction,  but  the  user  not  em]:)loying  it  for  the  purpose 
of  cutting  off  beyond  half-stroke,  but  limiting  himself  in  the 
use  of  the  apparatus  to  cut  off  within  the  half-stroke — 
makins;  it  so  that  it  cannot  be  reversed  ? 

O 


A.  That  apparatus  cannot  change  the  sliding  piece,  so  as 
to  cut-off  beyond  Iialf-stroke,  without  material  alteration  in 
it  ;  I  supposed  the  sector  applied  to  Sickels’  plan,  as 
cutting-off*  within  half-stroke,  and  therefore  admitted  them 
to  be  equivalent  in  that  respect.  The  sector,  in  order  to 
give  the  full  scope  of  Mr.  Sickels’  claim,  in  regard  to  the 

1157  point  of  cut-off^  would  have  to  let  go  of  the  sliding-piece, 
turn  it  over,  reverse  it,  and  replace  it,  which  it  cannot  do. 

Q.  ISTow,  sir,  for  the  mere  purpose  of  engaging  and  dis¬ 
engaging  the  valve  from  the  mechanism  whicii  operates  it, 
’  ■  Tv5  fiook-rod,  v/ith  its  spring,  the  equivalent  of  the 
lifler-iod  in  Sickels’  arrangement,  v/ith  its  spring-catch,  for 
the  mere  purpose  of  engaging  and  disengaging  ? 

A.  xiny  piece  of  an  apparatus  may  be  equivalent,  or  may 
not  be  equivalent.  If  performing  some  other  office  than 
the  one  named,  it  would  not  be  equivalent.  If  it  perform- 

1158  some  better  manner — some  qualified  jnanner — it 
would  not  be  an  equivalent. 

Q.  Does  that  perform  any  office  in  the  combination  which 
is  not  performed  hy  tlie  liftei’  with  its'  spring-catch  in 
Sickels’ 


A.  I  think  it  does. 

Q.  What  is  it  ( 

A.  It  partakes  of  a  motion  from  the  wrist-plate,  being 
connected  vdth  that  portion,  of  the  circle  which  im/ves  in  a 
different  direction  to  eff'ect  a  nnu’e  rapid  motion,  and  may 
159  be  thereby  effective  in  a  different  degree,  so  as  to  destroy 
its  identitv. 

Q.  Does  it  perform  any  other  olfice  than  that  of  connect¬ 
ing  the  valve-gear  with  the  valve,  for  the  purpose  of  open¬ 
ing  the  valve,  and  disengaging  it,  to  permit  the  valve  to  l)e 
closed  by  a  -weight  ( 

A.  That  rod — 

Q.  Cannot  you  answei’  my  question  ;  does  it  jjerform  any 
other  office  than  that  of  engaging  the  valve  for  the  purpose 
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of  opening  it,  and  disengaging  it  to  permit  it  to  be  closed  1130 
by  a  weight  ? 

A.  I  understand  it  to  be  a  means  of  lifting  the  valve-gear, 
as  well  as  engaging  or  disengaging  it. 

Q.  Is  not  that  the  purpose  of  the  lifter  and  the  catch  in 
Sickels’  arrangement  ? 

A.  They  do  not  appear  to  be  identical  in  their  arrange¬ 
ment. 

Q.  I  am  speaking  now  about  the  olhce  which  they  per¬ 
form ;  lam  not  speaking  of  their  difference  of  form,  be- 1161 
cause  evervbodv  can  see  that  widi  the  eve. 

A.  The  office  performed  is  similar,  if  not  identical. 

I  understood  you  to  state  on  Friday  that  the  air  dash- 
}K>t  of  the  defendants'  was  analogous  to  Sickels’,  but  es¬ 
sentially  different ;  now,  sir,  how  do  you  explain  that 
expression — that  two  things  are  analogous,  and  yet  substan¬ 
tially  different  i 

t/ 

A.  If  I  said  analogous,  I  meant  in  external  appearance, 
to  the  eye  of  one  not  versed  in  the  construction  of  the  parts. 

Q.  Are  not  both  for  the  purpose  of  permitting  a  weight  1162i 
to  descend  rapidly,  and  to  check  it  towards  the  end  of  its 
fall  ? 

A.  A  o,  sir,  one  is  to  check  the  motion  of  the  weight,  and 
the  other  of  the  valve  alone,  and.  therefore,  not  technically 
considered  a  weight. 

Q.  Is  not  everything  ponderable  a  M'eight ' 

A.  An  engine  is  a  weight  in  that  sense. 

Q.  If  it  falls,  would  it  not  fall  as  a  weight  ( 

A.  It  would  not  recpiire  a  dash-pot  to  arrest  it. 

Q.  I  suppose  not ;  if  it  fell  it  would  be  very  apt  to  break  ; 

I  will  repeat  the  cpiestion,  and  modity  it  to  avoid  that  116 
technicality ;  are  not  both  intended  for  the  purpose  of  per-  . 
mitting  a  body  to  descend  rapidly  by  the  force  of  gravity, 
and  to  check  the  descent  of  tiia"  body  towards  .  .u  e;:d  r;' 
its  motion  ? 

A.  I  suppose  in  such  a  sense  they  are. 

Q.  Have  you  any  doubt  about  the  answer  to  that  ques¬ 
tion? 

A.  Oh,  no. 

Q.  In  both,  is  there  not  a  })luiiger  fitted  to  work  in  a  ves- 1161 
sel  containing  a  fluid  ? 

A.  Yes. 

Q.  In  both,  is  not  the  ]>lunger  permitted  at  first  to 
descend  freely,  bv  reason  of  the  free  discharge  of  a  fluid 
from  below  the  plunger,  and  then  checked  towards  the  end 
of  the  fall,  by  reason  of  the  plunger,  in  its  descent,  gradually 
closing  the  escape  aperture  and  thereby  confining  the 
fluid? 
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1165  A.  Not  necessarily. 

Q.  Are  tliey  not  so  ;  J  ani  not  asking’  about  the  necessity 
for  it ;  are  they  not  so  in  fact  ? 

A.  In  the  dash-pot  we  have  here - 

Q.  Answer  ni}  (piestion ;  I  am  not  examining  you  witli 
reference  to  things  that  have  been  made  since  ;  I  am  asking 
yon  with  referen<  c  to  things  as  used  by  the  defendants. 

A.  I  understand  that  to  be  in  use.  I  have  seen  it  in  use. 

Q.  We  are  speaking  now  about  the  air  dash-pot  hereto¬ 
fore  used  by  the  defendants,  and  constructed  like  (brass 
model)  with  a  hole  in  the  side,  which  the  plunger  passes 

1166  in  descending 

A.  Such  is  the  case  with  one  form  of  dash-pot  I  liave 
seen  used.  It  is  not  the  case  with  another  form  that  I  have 
seen  used. 

Q.  But  that  form  heretofore  used  l)y  the  defendants  i 

A.  I  do  not  know  to  what  extent  theA"  have  used  that 

& 

form. 


Q.  Coiihiie  your  answer  in  reference  to  this  model — tak¬ 
ing  that  as  an  example  ot  the  defendants’  % 

A.  With  that  model  in  view,  I  should  answer  in  the  af- 
116Y  tirmative. 

Q.  Where,  then,  is  tlie  substantial  ditference  ])etween'  tlie 
defendants’  and  the  plaintifls’  i 

A.  It  is  in  the  office  which  it  performs,  the  part  of  the  ma¬ 
chinery  which  it  arrests,  and  the  maimer  in  Avhich  it  arrests  it. 
There  is  no  secondary  chamber  necessary  in  the  one  case. 
Its  design  is  to  present  a  cushion  or  a  falling  weight,  and  not 
to  re-supply  itself  by  a  secondary  chamber,  as  in  the  plain¬ 
tiffs’  machine.  It  is  therefore  substantiallv  different  in 
character. 

1168  Q.  Noav,  sir,  if  you  put  tins  dash-pot  of  the  defendants 
in  a  vessel  of  Avater,  and  you  jnake  that  aperture  larger,  in 
proportion  to  the  difference  betAveen  the  density  of  the 
fluids  employed — betAveen  Avater  and  air — Avould  that 
operate  substantially  like  or  substantially  different  from 
Sickels’. 

A.  It  Avould  not  operate  so  Avell  as  Avith  air. 

Q,  I  am  asking  you  Avdiether  it-Avould  operate  substan- 
]  1(59  tially  like  or  substantially  different  from  Sickels’? 

A.  Substantially  the  same — the  proportions  being  suited 
to  the  difference  in  the  mobility  of  Avater  and  air. 

Q.  What  do  you  understand  by  the  secondary  reservoir 
(jr  chamber  of  Sickels’  arrangement  'i  Is  it  not  that  part  of 
the  apparatus  in  Avhich  the  fluid  is  confined  by  the  plunger, 
toAvards  the  end  of  its  motion? 

A.  Yes,  sir. 

Q.  AYliat  do  you  call  that  portion  of  the  defendants’  ap¬ 
paratus  below  the  hole  through  Avhich  the  fluid  escapes?  Is 
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not  that  the  secondary  chauiber,  in  which  fluid  is  confined  117t> 
by  the  descending  weight  ? 

A.  I  consider  that  the  primary  chamber  ;  tliat  is  the  only 
one  which  is  of  any  yalue  in  arresting  the  weight. 

Q.  ]^ow,  sir,  is  the  upper  part  of  Sickels’  dash-pot  for 
any  other  purpose  than  that  of  a  reservoir  to  contain  fluid  'i 

A.  I  suppose  not. 

Q.  If  you  cut  away  all  the  upper  part  of  Sickels’  arrange¬ 
ment,  leaving  merely  suitable  guides,  and  place  that  in  a 
vessel  of  water,  would  it  not  work  just  as  well  as  in  the  form 
described  in  his  patent  'i  1  1 71 

A.  Anv  reservoir  would  be  a  secondarv  re.servoir. 

Q.  Just  answer  my  cjuestion.  Taking  the  upper  part  of 
the  cylinder  and  cutting  it  all  away,  and  placing  that  in  a 
pail  of  water,  would  it  not  operate  just  as  well,  on  the  same 
mechanical  principle,  that  it  would  as  described  in  the 
patent 

A.  Precisely  the  same  ;  the  pail  of  water  would  supply 
the  place  of  the  reservoir  whicli  was  cut  away. 

Q.  Does  not  the  surrounding  atmosphere  present  a  se¬ 
condary  reservoir,  to  supply  tlu'.  defendants’  with  air  ? 

A.  In  the  same  sense  that  the  ocean  would  su])])ly  a  third  1172 
reservoir  in  Sickels’  arrangement. 

Q.  Does  it  not  constitute  a  reservoir,  supplying  the  air 
which  is  to  be  confined  in  the  cup  or  secondarv  reservoir 
of  Corliss’  arrano'ement  i 

A.  Certainlv. 

* 

Q.  Now,  sir,  if  you  take  Sickels’  dash-pot,  just  as  de¬ 
scribed  in  his  patent,  and  substitute  it  on  the  defendants' 
engine  for  his  air  dash-pot,  would  it  not  govern  and  control 
the  descent  of  the  weight  ix<  eifectually  as  tlie  air  dash-pot  f 

A.  I  do  not  think  it  would.  1 173 


/' 


Q.  Why  not  ^ 

^  •  *  i 

A.  Water,  for  all  ])ractical  pur})oses,  is  non-elastic,  and / 
more  easily  controlled  and  regulated,  while  the  air  dash-\ 
]  )ot,  when  applied  to  puppet-valves,  would  not  be  so  efiicient  | 
or  proper,  from  that  difterencc*. 

Q.  Would  it  not  permit  the  weight  to  descend  with  the 
rapidity  j-equired  for  the  closing  of  the  valve,  and  check  its 
descent,  so  as  to  prevent  the  Anilve  from  slamming,  just  as 
effectually  as  the  air  dash-pot  used  by  the  defendants? 

A.  I  suppose  it  would. 

Q.  If  you  substitute  air  for  water  in  Nickels'  dash-pot, 
and  give  it  the  required  proportion,  would  it  not  prevent 
the  slamming  of  the  valve  ? 

A.  I  think  it  would  increase  the  slam  of  the  valve  ;  the 
elasticity  of  air  in  that  case  would  cause  a  tremulous  motion 
of  the  valve  upon  its  seat,  wliich,  with  j)U])i)et-valves,  would 
be  ina  dmissible. 
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1175  Q.  Have  you  ever  seen  it  tried  ( 

A.  I  know  from  the  nature  of  air — its  elastic  character — ■ 
that  it  would  he  likely  to  do  that. 

Q.  If  you  give  it  capacity  enough '{ 

A.  I  do  not  know  that  capacity,  Avithiii  any  reasonable 
limit,  could  be  given,  to  change  that  result. 

Q.  You  do  not  know  that  it  has  ever  been  used  with  air 
in  connection  with  puppet- valves  ? 

A.  IS^ot  successfully. 

Q.  Do  vou  know  if  it  has  been  used  ^ 

117B  A.  I  do  not  know  that  it  has  been  successfully  used. 

Q.  Does  the  elasticity  of  air,  in  the  defendants’  arrange¬ 
ment,  subserve  any  purpose  which  would  not  be  subserved 
by  water,  as  a  means  of  arresting  a  falling  weight  ? 

A.  It  is  better,  and,  on  another  account,  that  it  is  always 
on  hand  to  supply  itself. 

Q.  Answer  my  question  ;  dues  it  subserve  any  j)urpose 
in  arresting  the  weight  which  would  not  be  subserved  by 
the  use  of  water  ? 

A.  I  suppose  Mr.  JSickels’  dash-pot  would  answer  the 

1177  same  purpose  as  well  in  that  respect  as  in  arresting  the 
valve. 

Q.  JS’ow,  sir,  would  the  character  of  a  pump  be  entirely 
changed  because  you  pump  air  with  it  instead  of  water  ? 

A.  Its  proportions  would  be  changed. 

Q.  Would  the  character  of  the  pump  be  essentially 
changed  by  applying  it  to  pump  air  instead  of  pumping- 
water  ? 

A.  It  is  a  pump  in  both  cases,  as  far  as  that  term  is  con- 

1178  cerned  ;  essentially  it  would  be  the  same. 

Q.  Now,  sir,  as  a  means  of  ari‘esting  a  body,  does  not 
water  act  as  a  spring  ? 

A.  Practically  it  does  not. 

Q.  Now,  sir,  if  I  take  a  body  and  jdace  it  upon  a  body  of 
water,  and  force  it  down,  does  it  not  elevate  all  the  sur- 
roundinp-  water,  and  in  that  wav,  bv  the  mobilitv  of  the 
particles,  have  a  spring-like  action  ? 

A.  No,  sir,  it  is  not  a  spring  at  ail. 

Q.  What  is  it  that  makes  a  fisherman’s  bob  bob  up  and 
down  in  the  water ;  is  it  not  the  spring-like  action  of  the 

1179  water? 

A.  No,  sir;  to  have  any  spring-like  action,  it  must  result 
fr(.)m  the  line  or  the  body  itself. 

Q.  When  you  act  upon  any  given  surface  of  u-ater,  do 
you  not  cominunicate  motion  to  all  the  surrounding  parti¬ 
cles,  and  change  their  jfiaces  by  the  force  of  gravity,  and 
does  not  the  tendency  of  the  particles  to  resume  their  origi¬ 
nal  position  become  spring-like  ? 

A.  It  would  act  by  gravity. 
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Q.  Do  you  know  if  it  i>  necessary,  in  Sickels’  cut-off,  to  1180 
adjust  tlie  pot,  or  secondary  reservoir,  as  it  is  called,  to  any 
change  in  the  range  of  the  cut-off ;  for  instance,  when  you 
cut-off  short,  from  cuttino:-off  loim,  is  it  necessary  to  do 
that  ? 

A.  We  used  to  consider  it  necessary. 

Q.  Is  it  necessary  in  practice  ? 

A.  I  do  not  know  that  we  have  practised  it  lately. 

Q.  TThen  you  went  the  voyage  from  Xew  York  to 
Washington,  in  the  Baltic^  did  you  not  have  occasion  to 
see  whether,  diming  that  trip,  they  had  to  adjust  the  cup  1181 
every  time  they  adi  listed  the  cut-off  ? 

C'  %) 

A.  I  did  not  see  it  done. 

Q.  Did  you  think  it  necessary  to  do  it — the  cup  heing 
once  properly  adjusted  to  the  parts  i 

A.  If  the  cup  were  large  enough,  I  slioiild  think  it  would 
not  be  necessary  to  change  it — the  water  remaining  pro¬ 
perly  in  its  place. 

Q.  Xow,  sir,  with  reference  to  slamining  ;  in  both  the 
plaintiffs’  and  defendants’  arrangements,  is  not  the  valve 
closed  by  the  gravity  of  the  falling  weight  i  1182 

A.  In  the  defendants'  it  is  closed  bv  the  oTavity  of  tlie 

!•'  V  C 

falling  weight. 

Q.  Xow,  sir,  if  the  falling  weight  which  is  exerted  upon 
the  valve  be  not  itself  checked,  must  it  not  he  necessary  to 
apply  some  check  to  the  valve  itself,  to  stop  it  at  the  right 
place  ? 

A.  It  might. 

Q.  Kyoii  do  not  stop  the  weight,  must  you  not  put  a  stoj) 
for  the  valve  to  strike  against  i 

A.  Li  the  operation  of  the  machine  which  I  have  seen,  1183 
if  they  always  act  uniformly  in  that  manner,  it  would  not 
he  necessary,  because  tliere  the  valve  was  arrested  hy  the 
friction  produced  hy  the  pressure  upon  it. 

Q.  You  are  travelling  out  of  my  question  ;  if  the  weight 
itself  he  not  arrested,  hut  continues  to  exert  its  force  upon 
the  valve,  would  it  not  carry  the  valve  heyond  the  point 
required '{ 

A.  It  might  not  he  sufficient  to  carry  it  heyond  the  jioint 
required,  as  I  think  it  was  not  sufficient  when  I  saw  the 
machine  of  the  defendants  in  operation. 

Q.  Did  you  ever  see  the  defendants' machine  in  oper- 1 1^1 
ation,  with  the  connections  down  here  entirely  cut  away,  so 
that  the  weight  would  have  a  chance  to  continue  to  fall '( 

A.  Xo,  sir. 

Q.  Suppose  a  case  of  that  sort  i 

A.  I  suppose,  then,  that  the  action  would  he  verv  un¬ 
certain. 


1185’  Q.  Would  it  not  be  necessary  to  introduce  a  stop  for  th^^ 
valve  to  but  against,  to  stop  it  at  its  right  place  ? 

A.  It  would ;  you  must  have  a  sto])  somewhere. 

Q.  If  you  put  it  upon  the  valve  itself,  would  the  valve 
f.  not  slam  against  that  stop  i 

A.  I  suppose  it  would. 

Q.  Then,  sir,  in  both  plans,  is  it  not  necessary  to. regulate 
the  closing  of  the  valve,  and  to  prevent,  by  checking,  the 
descent  of  the  weight  which  closes  the  valve ;  is  not  that 
necessary,  in  both,  to  check  the  descent  of  tlie  weight  by 
11^6  which  the  valve  is  closed 

A.  I  suppose  it  to  be  necessary  to  arrest  it  somewhere; 

Q.  ]^ow,  then,  sir,  in  both  engines,  is  not  a  vessel,  acting 
upon  the  fluid,  which  is  conflned  towards  the  end  of  the 
operation,  introduced  for  the  purpose  of  checking  that  des¬ 
cent  of  the  weight,  and  to  prevent  the  consequences  arising 
from  the  arresting  of  that  weight  ? 

A.  The  elasticity  I  understand  to  be  for  the  purpose  of 
preventing  the  sudden  checking  of  the  weight  and  the  con¬ 
sequent  concussion  produced  by  one  hard  falling  body  im¬ 
pinging  upon  another  hard  body. 

1181  Q.  STow,  sir,  if  you  make  a  puppet-valve  with  so  tight  a 
packing  around  the  stem  that  the  valves  will  not  fall  of  their 
own  weight,  would  it  not  be  necessary  to  close  them,  on 
Sickels’  plan,  by  a  superadded  weight,  to  overcome  that 
I  friction  ? 

I  A.  Tlie  2^1’oper  way  is  to  slack-up  tlie  stufling-boxes. 

Q.  Suppose  you  make  them  tight,  would  it  not  be  neces¬ 
sary  to  add  a  suspended  weiglit  for  the  purpose  of  over¬ 
coming  that  friction  ? 

A.  Yes. 

Q.  In  that  case,  where  you  add  a  weight  for  the  purpose 
1188  of  closing  the  valve,  cannot  the  connection  between  the 
valve  and  that  weight  be  made  flexible  by  means  of  a 
chain,  as  in  the  example  tliat  you  gave  us  of  the  defend¬ 
ants’ 


A.  I  suppose  it  could. 

Q.  Would  it  not  then  be  necessary  to  use  the  dash-pot, 
or  some  equivalent  apparatus,  to  sto]>  the  slamming  of  that 
v'eight  at  the  end  of  its  motion  ^ 

A.  That  would  depend  upon  whether  the  main  dash-pot 
to  arrest  tlie  valves  was  sufficient  to  retard  aiid  suspend 
1189  both. 

Q.  I  am  supposing  a  case  in  which  the  valves  are  not 
weighty  enough  to  overcome  the  friction,  and  that  you  sus¬ 
pended"  a  weight  to  them  sufficient  to  close  them.  Wlien 
tliat  weight  descends,  is  it  not  necessary  to  interpose  some¬ 
thing  to  check  its  slamming  ? 

A.  In  a  puppet-valve  the  pressure  of  the  steam  increases 
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upon  it  as  it  comes  near  its  seat.  T  never  knew  a  valve  to 
have  so  much  friction  from  the  stuffin2r-hoxes  as  to  be  held 
when  hear  its  seat. 

Q.  I  am  supposing  a  case  wiiere  the  friction  is  sufficient 
to  resist  this,  and  that  you  supera  td  a  weight  for  the  pur- 1 190 
[)ose  of  bringing  them  down. 

A.  A  dead  weight  would  be  very  improper  in  that  case. 

Q.  I  am  not  asking  about  the  propriety ;  I  have  put  a 
})i‘oposition  that  I  want  an  answer  to.  In  that  case,  could 
you  not  interpose  a  tiexible  coimection  between  the  weight 
which  is  employed  to  bring  them  down  and  the  dash-pot- — 
between  that  weight  and  the  valves  ( 

A.  When  the  valves  stick  up,  it  is  usual  for  the  engineer 
to  put  his  foot  upon  them  and  give  them  a  start. 

Q.  I  am  not  speaking  about  anything  in  actual  practice ; 

1  am  now  meeting  a  point  which  has  been  raised  upon  the 
otlier  side,  not  of  practice,  but  of  simple  experiment.  1191 

.V.  I  am  a  practical  man. 

Q.  I  doubt  whether  you  would  construct  an  engine  with 
those  leather  straps,  if  you  could  get  a  rigid  rod. 

A.  I  would  rather  have  them,  from  what  I  have  seen. 

Q.  i^OAV,  in  every  instance,  is  it  nut  necessary  that  there 
should  be,  for  practical  purposes,  a  solid  or  tirm  connection 
between  the  plunger  that  is  arrested  in  the  dash-pot  and  the 
weight  that  operates  the  valve  '{ 

A.  Am  I  to  understand  the  Nveight  wliicli  operates  tlie 
valve  to  be  the  valve  itself  ( 

Q.  Ido  not  care  where  that  weight  is.  Is  it  not  neces-n92 
sary  that  there  should  be  a  rigid  connection,  in  any  arrange¬ 
ment  that  vou  have,  between  the  dasher  that  is  arrested  bv 
the  fluid  and  the  weight  that  operates  the  valve  to  close 
it^ 

A.  If  I  understand  lightly,  the  effect  of  an  aiiSNcer  to 
tin’s  ill  tiie  affirmative,  would  be  to  negative  my  previous 
answer  in  regard  to  a  strap  or  rod  in  that  arrangement. 

Q.  Is  the  whole  of  this  (liolding  up  a  plunging  weight) 
tlie  plunger. 

A.  Yes. 

Q.  Is  it  not  the  lower  part  only  that  stops  the  hole  (  1193 

A.  It  is  the  lower  face  of  it. 

Q.  Yow,  sir,  is  not  this  weiglit  :ibove  added  for  the  pur¬ 
pose  of  closing  the  valve  i 

A.  As  a  weight,  it  is. 

Q.  Separate  the  lower  face  of  that  froiJi  the  weight 
Avhich  is  added  simply  for  the  ]>urpose  of  closing  the 
valve,  and  I  want  to  know  whether  you  could  interpose  a 
liexible  coimection  between  the  plunger  and  the  weight 
which  is  eraploved  for  closing  the  valve  '<■ 

31 
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1194  A.  I  do  Jiot  know  wliat  difference  it  would  make, 
whether  it  were  a  shallow  or  deep  one. 

Q.  I  will  suppose  tJds  to  be  cut  away  here,  and  that  to 
be  fitted  to  this  cylinder,  and  then  a  chain  connecting  this 
plunger  with  this  upper  part  of  the  weight,  and  this  weight 
then  to  be  connected  to  the  valve-arm ;  I  want  to  know 
^vhether  that  would  o]:)erate  in  practice  \ 

A.  I  should  think  not. 

Q.  Is  it  not  because  you  must  have  a.  rigid  coimection 
between  the  plunger  which  is  arrested  by  the  dash-pot  and 

1195  the  operating  weight  which  closes  the  valve 

A.  You  could  effect  that  result  with  a  loose  connection — 
chain-connection — provided  you  had  a  dash-pot  to  arrest 
each  weight ;  and  so,  should  you  have  a  hundred  weights, 
a  hundred  dash-pots  Avould  be  necessary  to  arrest  them. 

Q.  Take  this  arrangement.  Does  it  cliange  the  charac¬ 
ter  of  this  arrangement  to  have  the  dash-pot  above  instead 
of  below  ?  '  ‘ 

A.  ISlot  when  the  parts  reuiaiji  the  same. 

Q.  ISTo  matter  what  tlie  parts  are,  but  taking  them  as 

1196  they  are  liere^  does  it  make  a  substantial  change  to  have  the 
dash-pot  above  or  below 

A.  No. 

Q.  If  you  have  a  dash-pot  above,  may  you  not  interpose 
a  flexible  connection  between  the  tripping  apparatus  and 
the  valve  'i 
A.  Yes. 

Q.  And  still  effectually  prevent  the  slam  t 

A.  Yes. 

Q.  In  other  words,  ^vlieii  you  have  an  effective  eight, 
(the  weight  which  closes  the  valve)  placed  below  the  dash- 

1197  pot,  you  may  have  the  connection  flexible  ;  but  when  you 
have  the  dasher  below  the  effective  weight,  must  you  iiot 
have  a  rigid  connection  'I 

A.  In  one  case  a  rigid  connection  is  necessaiv,  and  in  the 
other  I  suppose  it  to  be  not  necessary. 

Q.  Now,  sir,  in  l)oth  cases,  as  a  practical  (piestioii,  does 
not  every  vibration,  every  concussion  which  takes  place  in 
a  piece  of  mechanism,  injure  that  mechanism 

A.  It  is  very  apt  to. 

1198  Q.  Is  it  notan  object,  in  the  constructioJi  of  steam-en- 
o’ines,  to  avoid  that  concussion  in  every  instance  i 

A.  Yes,  sir. 

Q.  When  steam  is  suddenly  let  into  the  cylinder  of  a 
very  large  steam-engine,  does  it  not  produce  a  violent  con¬ 
cussion,  which  is  injurious  to  all  parts  of  the  engine  ? 

A.  It  deiDends  upon  the  point  where  it  is  let  on. 

Q.  Is  it  not  felt,  if  the  valves  be  opened  very  suddenly  ? 
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Is  it  not  a  shock  felt  throug’hont  tlie  entire  engine,  more  or  1199 
less? 

A.  It  makes  some  difference;  but,  where  the  steam  is  let 
oil  before  the  piston  reaches  the  end  of  the  cylinder,  at  the 
termination  of  its  stroke,  it  tends  to  ai*rest  the  momentum 
and  prevent  the  slam. 

Q.  I  am  speaking  of  starting  the  piston. 

A.  After  the  piston  is  started  from  its  place,  a  sudden 
opening  of  the  valve,  if  a  large  one,  W(ndd  tend  to  make  a 
shock. 

Q.  Is  not  a  shock  produced  in  that  way  a  serious  injury  1200 
to  engines;  and  is  it  not  your  object  to  avoid  it  in  eon- 
structing  large  steam-engiues  ? 

A.  One  of  the  objects  in  giving  a  lead  to  the  valve  before 
the  termination  of  the  stroke  was  for  that  purpose — to  divide 
the  force  a].)plied  to  the  piston  jit  different  ])oints  of  its 
motion. 

Q.  What  is  it  that  produces  that  peculiar  tremulous  mo¬ 
tion  that  we  see  in  the  large  shafts  of  steamboats  ?  does  it 
arise  from  the  blows  struck  upon  the  shaft  itself,  or  by  the 
striking  of  the  paddles  on  the  Avater  ^ 

A.  I  suppose  the  apparent  tremlding  of  a  boat  is  OAviiigl201 
more  to  the  striking  of  the  paddles  ^)U  the  Avater  than  any 
other  cause. 

Q.  In  other  Avords;  can  you  strike  a  Anolent  bloAv  upon 
a  piece  of  mechanism,  Avithout  cari'ying  the  Aubration 
through  all  its  connections,  and  injuring  all  its  connections 
proportionately  ? 

A.  It  is  a  great  aimoAniuee,  at  auA'  I’ate,  Avhetlier  it  seil- 
ousty  impairs  the  ])arts  or  not. 

l^OAAy  sir,  does  not  the  vibration  of  the  axles  of  milroad 
cars,  due  to  the  contact  of  the  Avheels  Avith  the- rails,  so  .dete,  1202 
riorate  them,  that  in  course  of  time  they  cannot  he  trusted, 
and  liaA^e  to  be  throAvn  asided 

A.  I  suppose  that  to  be  tlie  tact. 

Q.  You  told  us  on  Friday  that  one  of  the  material  diffei- 
ences  that  you  noticed  was,  that  in  Sickels'  the  valve  must 
be  checked  just  before  it  is  closed. 

A.  Yes,  sir. 

Q.  While  in  the  defendants'  it  is  only  checked  after  the 
])ort  is  closed  t 

A.  \  es.  1  2u8 

Q.  Did  1  understand  you  to  say  that  that  Avas  a  mateia’al 
difference  i 

A.  Yes,  I  think  that  it  is  quite  material. 

Q.  Is  that  upon  the  hypothesis  that  the  quicker  a  A'alve 
is  closed  in  cutting  off  the  better' 

A.  Yes,  the  arresting  of  a  A’alve  in  any  measure  before 
it  closes  its  opening,  the  more  the  steam  is  Avii'c-draAvn,  as 
it  is  called. 


1204  Q.  jS^ow,  sir,  about  how  far  from  the  seat  of  the  valve 
hoes  the  check  take  place  in  Sickels’  arrangement  ? 

A.  T  suppose  it  varies. 

Q.  As  a  general  rule  ^ 

A.  From  one  inch  to  a  quarter.  1  think  1  have  seen  it 
perhaps  more  than  an  inch. 

Q.  Would  that  slight  difference  be  very  material  in  the 
working  of  aii  engine — in  the  power  developed  ? 

A.  Slight  in  proportion  to  its  time. 

Q.  I  perceive  from  the  publications,  that  the  engines 
built  in  your  establishment  for  the  Arctic  and  nave 

cut-offs  which  belong  to  Allen  A  Wells  ?  ■' 

1205  A.  Xot  to  ^‘Alleir  A  Wells.’' 

Q.  The  Northerner  and  Sontherner  f 

A.  Ao,  sir. 

Q.  On  which  of  the  steam-engines  is  that  used  ? 

Tlie  original,  nlan  was  built  by 
upon  the  Arctic  and  Atlantic.  I  think 
to  the  Northerner. 

Q.  The  Okerohn'  and  Terinri<.se«,  and  the  FrmiMi/n  and 
Il'umholdt  ? 

A.  Yes. 

120(5  Q’  cut-off'  does  the  vah'e  close  as  ]-apidly  as  it 

does  in  Sickels’  arrangement  ? 

A.  1  do  not  know  but  it  does. 

Q.  Cannot  you  tell,  as  a  constructor,  wliethei’  it  does  or 
does  not  ? 

A.  I  have  never  measured  the  difference. 

Q.  Would  you  select  a  ent-oif  to  put  on  board  of  a  large 
steamer,  without  determining  a  point  so  material  as  that  ? 

A.  I  should  see  that  any  plan  descended  with  sufficient 
rapidity,  and  I  should  yield  a  portion  of  that  rapidity  if  the 
apparatus  were  attended  with  other  difficulties  more  mate- 

1207^1^1  than  that. 

Q.  Tf  check-rings  be  used  in  connection  with  puppet- 
valves,  will  not  the  steam  be  cut  off*  before  it  becomes 
iiecessarv  to  check  the  valve  ? 

A.  It  will  be  partially  cut  off'. 

Q-  Will  it  not  be  substantially  cut  off? 

A.  It  would  be,  perhaps,  as  perfectly  cut  off  as  Sickels’ 
valve  can  cut  off' at  the  last  part  of  the  motion  of  the  valve. 

Q.  Have  not  check-rings  been  tre(}uently  made  stearn- 

A.  I  never  knew  them  to  be  made  steam-tight.  We 
never  made  tliem  so.  We  have  made  none  for  the  last  ten 
years. 

Q.  Ho  you  suppose  that  the  amount  of  steam  that  would 
be  lost  by  the  leak,  if  you  used  check-rings,  could  bt  esti¬ 
mated  ? 

A.  Yes. 


iuien,  ana  is  usea 
it  was  first  applied 
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Q.  Would  it  be  worth  taking  into  consideration^ 

A.  A  check-rino*  must  not  be  made  tight ;  otherwise,  thev 
are  equivalent  to  the  valve  remaining  upon  its  seat.  The 
object  of  a  check-ring  is  to  admit  a  little  steam  into  the 
cylinder  at  the  time  of  passing  the  centres,  when  the  shock 
is  felt,  and  then  opening  it  Avide.  that  the  steam  may  be  re¬ 
ceived  Avithout  a  shock. 

Q.  Was  not  that  Barher'fi  improvement  upon  the  old 
check-ring,  for  which  he  obtained  a  patent  i  Do  you  not 
know  what  the  old  check-ring  Avas,  before  Bnrhpv  took  out 
his  patent  to  give  them  a  little  play  1*210 

A.  I  do  not  knoAv  what  a'ou  allude  to. 

Q.  I  mean  the  check-ring  that  Avas  steam-tight,  so  as  to 
admit  of  closing  the  A^ah^e,  shutting  off  the  steam  more 
rapidly  before  the  A^ah’e  came  to  its  seat,  and  giAring  the 
valve  a  motion  before  it  opened  its  port. 

A.  We  never  used  them  in  that  way. 

Q.  You  haA'e  testified  that  Sickels'  arrangement  Avould 
not  instruct  you  in  the  construction  of  an  engine  like  the 
defendants’.  I  will  ask  you  AA’hether  Sickels’  specification 
would  not  instruct  you  so  far  that  the  steam- vah^es  are  to  1*21 1 
be  opened  by  mechanism  deriving  motion  from  the  eccen¬ 
tric  \ 


A.  Xo.  sir  ;  Ave  kneAv  that  before  Sickels*  plan  Avas  in- 
A'ented. 

Q.  Just  Avait  imtil  you  get  the  Avhole  of  the  question — 
that  this  mechanism  is  to  be  connected  by  a  latch  or  catch 
AAfith  a  rod,  stem  or  other  thing  attached,  to  re-connect  with 
the  valve — that  there  is  to  be  an  adjustable  stop,  Avhich. 
when  set,  Avill,  at  the  required  period  in  the  stroke  of  the 
piston,  disengage  the  latch  or  catch,  and  permit  the  A’alve 
to  be  rapidly  closed  by  the  force  of  gravity,  whilst  the  me¬ 
chanism  in  connection  AA'ith  the  eccentric  continues  its  mo¬ 
tion  and  returns  to  be  re-engaged  by  the  latch,  preparatory 
to  another  operation — and  that  the  force  of  graAfity,  by 
Avhich  the  A^ab'e  is  closed,  to  preA'ent  Auolent  and  injurious 
concussion,  is  to  be  gently  checked  tOAvards  the  end  of  the 
motion  by  a  fluid  Avhich  is  gradually  confined  by  a  plunger 
Avliich  gradually  closes  an  aperture  i 

A.  So  far  as  I  understand  the  Avhole  of  the  question,  1 
should  not  be  instructed  by  Mr.  Sickels  at  all.  I  haA’e  seen 
it  in  operation  substantially  before  his  iiiA’ention. 

Q.  That  is  not  the  question  that  you  Avere  asked.  We 
knoAv  vour  feeling  as  a  witness  here.  Xoav,  Mr.  Stillman, 
has  not  A*our  establishment,  for  the  last  8  or  10  vears,  been 
engaged  in  trying  to  get  up  a  cut-off'  apparatus  that  would 
aA^oid  this  patent  i 

A.  Xo,  sir ;  Ave  have  never  tried  to  avoid  the  patent  at  all. 

(Mr.  Seward  objected  to  this  course  of  inquiry,  as  irrele¬ 
vant.  The  Court  sustained  the  objection. ) 
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1214  Q.  If  you  will  answer  iny  question,  shutting  your  niemory 
to  what  you  seem  to  have  seen  before  these  patents,  and  de¬ 
riving  your  knowledge  for  the  first  time  from  this  s]:)ecifi- 
cation,  would  it  not  instruct  vrni  in  these  thino's  ( 

A.  I  cannot  disengage  myself  from  circumstances  prac¬ 
tically,  to  put  myself  in  tho  position  of  answering  a  ques¬ 
tion  so  broad  as  that. 

Q.  Then  I  will  put  it  in  detail.  Do  you  not  find  in  both 
the  plaintiffs’  and  defendants’  that  the  valve  is  o])eued  by  a 
1  mechanism  deriving  motion  from  the  eccentric^ 

1-215 

Q.  And  that  tliat  mechanism  is  connected  with  a  valve 
by  means  of  a  catch  or  latch,  which,  at  a  given  time,  is  dis¬ 
connected,  that  tiie  ^'alve  may  be  closed  by  the  force  of 
gravity  ? 

A.  Acs,  sir. 

Q.  And  that  mecbanism  wliich  affects  the  disengage- 
;  ment  is  adjustable  to  determine  the  point  when  the  valve 
I  shall  be  liberated — an  operative  mechanism,  continuing  its 
:  motion,  and  coming  back  to  re-engage  the  valve  ?  Do  you 

f)  3iot  find  in  both  that  the  descending  Aveight  which  closes 
the  valve  descends  rapidly,  and  is  checked  toAvards  the  end 
of  i  ts  motion  ? 

A.  It  is  decidedly,  under  the  restrictions  and  qualifications 
of  former  ansAvers  to  the  same  point. 

Q.  So  far  as  regards  tliese  points,  then,  in  your  mind, 
they  do  agree. 


A.  Generally. 

Q.  HoAV,  sir;  Avould  the  descriptions  and  draAAungs  of  an 


English  marine  engine  instruct  you  specifically  in  the 
struction  of  Avhat  is  known  as  a  Xortli  EiA'er  boat  engine? 

A.  It  would  not  in  all  its  parts. 

Q.  In  this  arrangement  of  Mr.  Watt’s,  is  not  the  motion 
<)i‘  the  A^alve,  AAdiether  the  Aveight  be  employed  to  open  or 
close  the  A^alve, — is  not  the  Aveight  Avhich  operates  upon  the 
valve  connected  Avith  the  vah^e  by  means  of  Avhat  is  called 
a  toggle,  Avhich  gradually,  by  its  approach  to  the  dead  cen¬ 
tre,  arrests  the  motion  of  the  moving  parts? 


A.  I  suppose  it  is. 

Q.  Would  not  that  in  itself  operate  as  a  check  to  the 


momentum  of  the  moving  parts,  as  a  crank  gradually  ar¬ 
rests  the  momentum  of  the  moving  ])arts  <h'  a  steam  engine 
so  as  to  avoid  the  shock  ? 

A.  Yes;  that  is  the  principle  upon  wliicli  onr  arrange¬ 
ment  acts. 

Q.  Xow,  Mr.  Stillman,  Avith  reference  to  tlie  A^alve  gear  : 
Is  the  latch  in  this  arrangment  of  Watt’s  employed  to  con¬ 
nect  the  valve  Avith  the  valA^e  gear,  that  it  may  be  opened 
by  the  motion  of  the  engine  by  such  connection,  or  it  is 
simply  a  latch  to  hold  the  A^ah^e  closed  or  open  ? 
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A.  I  have  not  studied  tliat  model  siithcieiitlv  to  tell  criti- 1219 

* 

callv. 

Q.  Is  the  arraiigemeiit  represented  in  that  model  sub- 
stantiallv  like  or  substantially  different  from  the  aiTancfe- 
iiient  in  the  defendants’  { 

A.  So  far  as  the  dash-pot  is  eoneeriied,  it  is  similar  in 
form  and  effect. 

Q.  Similar  in  effect  I 
A.  Yes. 

Q.  Do  you  not  knov'  that  the  dash-pot  presejits  a  con¬ 
stant  resistance,  from  the  moment  the  weight  is  liberated . 
to  the  end  of  its  motion  { 

X.  Yes,  sir  ;  and  in  that  it  differs.  1229 

Q.  If  YOU  were  to  apply  to  the  defendants'  a  dash-pot 
that  would  present  a  constant  resistance  from  the  beginning 
to  the  end,  would  it  answer  the  piir])ose  contemplated  in 
Sickels’  arrangements 

A.  Yo,  sir. 

Q.  AYoiild  it  answer  the  [)urpose  <d'  permitting  the  valve 
to  be  closed  rapidly,  and  the  weight  to  be  checked  at  the 
end  of  its  motion  t 

A.  I  suppose  in  this  model  it  would  depend  upon  the 
toggle. 

Q.  Independent  of  the  toirgle — I  mean  the  dash-pot  it¬ 
self?  "  1221 

A.  It  would  receive  a  shock  which  the  valve-seat  would 
otherwise  receive.  In  that  it  j-esembles  the  plaintiffs'. 


(In  1)eing  i‘c-e.canriiit'tL  the  A\itness,  dYouAs  B.  Still- 
AiAN,  testified  as  follows  : 

Q.  In  an  engine  of  twenty  ]iorse-})ower,  (.>f  what  diameter 
Avould  yon  construct  pu}>pet-vjilves  ? 

A.  The  size  would  differ  in  a  high-pressure  and  a  low- 
pressure  engine,  to  sojue  extent;  probably  four  inches 
in  diametei*  would  be  a  rea^Aiiiable  size,  where  considerable 
steam  is  carried. 

Q.  Bor  a  lugli-prc'surc  or  ;i  low-])i‘essure  engine  i 

A.  Where  considerable  pressure  of  steam  is  carried. 
Where  the  steam  is  (piite  low,  Ave  Avould  make  them  large. 

Q.  What  is  the  length  of  the  slide  in  the  defendants’  en- 
o'ine  i 

X.  I  should  iiuDe  about  twelve  inches. 

Q,  What  is  the  length  of  the  opening  of  the*  port  ( 

A.  About  twelve  inches  in  length. 

Q.  How  far  would  a  pup])et-valYe,  in  tlie  ordinary  mode 
of  constructino-  a  tAventv  horse-] )oA\'(.‘r  enuine  he  lifted  from 
its  seat  in  opening^ 

A.  We  usiialW  lift  them  a  little  higher  than  is  neces- 
sary  to  give  the  full  area  of  the  opening.  Perhaps  it  may 
be  two  inclms,  but  I  do  not  precisely  knoAv. 


1222 
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1223  Q-  is  the  ordinary  depth  of  the  valve-seat  in  such 


an  engine  ^ 


■  V 


\’ 


A.  From  one-half  to  three-quarters  of  an  hich. 

Q.  You  spoke  of  a  mechanism  for  causing  the  valves  to 
open  more  slowlv  in  large  steamers.  What  is  the  object  of 
that  ? 

Q.  If  the  valve  is  made  to  open  more  slowly,  it  is  to  pre¬ 
vent  any  shock  that  may  take  place  wlien  a  large  valve  is 
suddenly  opened. 

Q.  Wliat  effect  does  it  have  upon  the  cjuantity  of  steam 

1224  used 

A.  It  is  not  designed  to  have  any  effect  upon  the  quan- 
titv  of  steam  used. 

Q.  Does  it  use  more  or  less  ' 

A.  It  would  be  retarded  so  as  to  waste  no  steam  bv  rea- 

t/‘ 

son  of  any  premature  opening  of  the  exhaust.  W e  suppose 
the  cylinder  must  be  filled  to  the  pressure  of  the  fountain, 
and  continue  filled  at  that  ju'essure  until  the  point  of  cut¬ 
off*.  That  is  designed  and  desirable  in  the  proper  cutting 
off  of  all  engines.  There  is  generallv  no  difffcultv  in 
admitting  steam  enough  at  the  starting  of  the  piston.  At 

1225  that  time  the  space  to  be  filled  is  very  small.  By  admitting 
steam  before  the  engine  passes  the  centre,  the  steam  will  be 
comiiressed  and  form  a  cushion  for  the  piston,  but  will  not 
thereby  be  lost,  unless  it  escapes  through  the  exhaust  valves, 
because  that  comjiression  will  by  dilation  resume  its  former 
elasticity,  as  the  piston  moves  onward. 

A.  You  have  .said  that  von  did  not  use  check-rings  for 
the  last  ten  years.  Will  you  state  the  reason  why  ? 

A.  We  have  found  that  alteiing  the  lead  of  the  valves 
answers  the  purpose  better,  so  as  to  separate  the  time  of 

122h  opening  the  exhaust  to  let  out  the  steam,  and  make  it  ear¬ 
lier,  and  remove  the  shock  whicli  veouhl  result  were  the 
valves  opened  after  tlie  engine  had  passed  the  centre. 

Q.  You  said  there  was  a  ditt*erence  between  the  pressure 
upon  the  valves  in  Corliss’  machine  and  the  pressure  upon  or¬ 
dinary  slide-valves;  Avill  you  state  the  amount  of  that  dif¬ 
ference  in  your  judgment  ? 

A.  I  have  not  estimated  it,  but  I  suppose  it  to  l)e  verv 
considerable. 

Q.  Will  you  state  vliy  it  is,  in  your  opinion  ? 

7  A.  TMs,  (referring  to  a  model,)  is  the  ordinary  form  of 
an  ordinary  high-j)ressure  slide-valve — a  form  sometimes 
used  in  low-pressure  engines  ? 

Q.  Will  you  explain  the  operation  of  it. 

(Witness  explained  on  the  model.  ) 

Q.  What  is  the  difference  between  the  oj)eration  of  that 
valve  and  the  defendants’  valve  ? 


249 


A.  In  the  defendantR’  the  function  of  adinitting  steam  12‘28 
and  the  exliaiist  are  pertormed  hv  separate  valves.  Tlie 
steam-valve  is  relieved  from  pressure  the  moment  it  passes 
from  the  opening.  I  spoke  of  this  the  other  day  as  passing 
steam  on  both  sides  of  it.  Some  valves  are  so  constructed. 

In  this  case,  the  valve  covers  tlie  opening,  and,  wlien  moved, 
allows  the  steam  to  pass  into  the  opening.  When  the 
opening  is  clear,  the  valve  is  as  free  as  this  is,  and  recpiires 
no  more  force  to  move  it.  Wlien  the  valve  is  brou2:ht  over 
the  opening,  then  the  j.n'essure  of  the  steam  acts  upon  it, 
and  pressing  it  upon  its  seat  produces  friction.  It  is  only  at 
that  instant  that  it  is  under  pressure,  and  does  not  require 
the  same  force  to  move  it.  It  acts  more  nearlv  as  a  balanced 

f 

valve  in  that  respect.  As  far  as  the  cnt-otf  is  concerned  it 
acts  upon  the  steam-valve  alone,  and  the  accumulation 
of  force  necessary  to  operate  both  the  steam  and  exhaust- 
valves  will  not  ailect  the  cut-off  of  the  governoi*  ;  therefore, 
it  is  much  better  adapted  to  engines  to  be  worked  by  a  / 
governor,  than  a  valve  of  this  form,  or  of  any  form  that 
moves  with  more  diflicultv.  123U 

t. 

Q.  What  is  the  form  ordinarily  used  in  locomotive  en- 
u'ines  ? 

A.  It  is  the  form  generally  known  as  the  short  slide. 

Q.  What  is  the  form  used  in  the  Cunard  steamers  ( 

A.  That  o-enerallv  called  the  Ions;  slide,  which  is  a  slide 
the  whole  length  of  the  cylinder,  and  operatiiig  somewhat 
differently,  being  packed  from  the  outside  to  make  it  tighr 
and  hold  it  to  its  face  or  seat.  We  have  nothing  of  the 
kind  here  ;  and  it  is  difficult  t*')  explain  without  a  model. 

In  English  steamers  I  have  seen  other  kinds  of  valves  used,  1231 
such  as  the  Seaward  slide. 

Q.  In  the  model  of  Sickels'  machine,  during  what  por¬ 
tion  of  the  operatiiui  <ff’  the  s]>i*ing  is  it  in  contact  with  the 
adjustable  slide  ( 

A.  In  that  form  it  depends  upon  whether  the  slide  is  ad¬ 
justed  to  cut  off  within  halt-stroke  or  beyond  that  point. 

If  it  cut  off  beyo]id  half-stroke,  then  it  is  in  contact  suffi¬ 
ciently  long  to  pass  in  the  upward  motion,  and  is  in  contact 
sufficientlv  long  to  disengage  in  the  do'wn^vard  juotion  i 

Q.  Suppose  you  cut  off*  in  thh  arrangement  at  1-Sth  of  the 
stroke,  so  that  the  spring  will  pass  beyond  the  adjustable  1232 
piece,  for  how  long  a  ])eriod  of  time  Avill  tlie  spring  be  in 
contact  with  the  inclines  i 

A.  That  closing,  consisting,  in  this  arrangement  of  a  dou¬ 
ble  action,  would  materially  lengthen  the  point  of  contact 
with  the  slide.  It  is  closed  Avhile  the  valve  is  ascending, 
but  is  in  contact  with  the  whole  length  of  the  inclined  plane, 
and  the  governor  will  be  arrested  ;  and  then,  in  descending 
again,  it  would  also  be  arrested.  This  arrangement,  there- 
32 
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V 


I 


1288  fore,  would  more  seriously  affect  the  governor,  and  would 
not  be  a  desirable  arrangement  for  the  governor,  even  if 
(‘ontrolled  l)y  a  sector  ;  but  to  attach  this  sliding  piece  to  a 
governor  direct,  as  T  have  before  remarked,  would  render 
it  a  practical  nullity. 

Q.  In  the  arrangement  in  this  apparatus  from  the  De 
Laine  mills,  would  tlie  spring  be  in  contact  with  the  cam 
that  liberates  it  after  the  detachment  is  effected  ? 


A.  I  suppose  it  would. 

Q.  If  this  cam  should  be  in  any  way  connected  with  the 

1234  governor,  what  would  be  the  effect  of  the  pressure  of  the 
spring  upon  it  ? 

A.  It  would  also  affect  the  governor. 

Q.  Supposing,  in  this  arrangement,  steam  to  be  cut  off  at 
l-8th  of  the  stroke,  would  the  spring  be  in  contact  with  and 
pressing  upon  this  cam? 

A.  The  pressure  would  be  the  same. 

Q.  What  part  of  it  would  it  press  against  wliile  effecting 
a  detachment? 

A.  I  have  not  considered  the  jjroportions  of  it. 

Q.  We  will  take  them  from  this  model.  Take  that  model 
and  explain  to  the  jury  what  effect  the  spring  would  have 

1235  upon  that  slide,  if  it  were  in  any  way  connected  with  the 
governor  ? 


A.  While  the  springs  are  in  contact  with  the  sliding 
piece  it  would  act  upon  the  governor,  inasmuch  as  the 
sliding  piece  would  be  in  contact  with  some  portion  of  this 
movable  sector.  The  governor,  being  attached  to  the  sec¬ 
tor,  must  be  impeded  or  arrested  during  the  time  that  such 
pressure  was  continued,  and  it  would  depend  upon  the 
length  of  time  the  springs  were  in  contact  with  the  sliding- 
piece,  that  the  governor  would  have  greater  or  less  efficiency 
in  its  ordiiuiry  operation. 

Q.  After  the  detachment  is  effected  in  the  defendants’ 
machine,  do  you  find  any  contact  of  any  part  upon  the  gov- 
1236  ernor  during  the  remainder  of  tlie  stroke  ? 

A.  You  find  nothing  after  the  valve  is  ti'ipped. 

Q.  What  is  the  object  of  all  cut-offs?' 
t  A.  The  ultimate  object  is  the  saving  of  fuei. 

»  Q.  If  the  governor  could  be  arranged  in  an}-  way,  so  as  to 
work  the  sector  upon  the  model  before  you,  would  you  con¬ 
sider  the  sector  as  an  equivalent  for  the  set-screw  ^ 

A.  Is^o,  sir. 

Q.  Why  not. 

A.  Because  it  is  a  part  of  the  apparatus  of  tlu?  governor, 
if  applied  for  that  purpose.  The  set-screw  and  slide  can  be 
attached  to  the  governoi',  as  the  governor  can  be  attached 
to  the  sector. 
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On  being  further  cross-exami )i^<L  the  witness,  Thomas  B.  1237 
Stillman,  testified  as  follows  : 

Q.  Is  that  a  drawing  of  the  Seaward  valve  (^handing  a 
drawing  in  Lo.rdnei\  London  edition  of  1840,  page  255)  i 
A.  That  is  intended  to  represent  it. 

Q.  As  I  understand  you,  the  valves  in  this  arrangement 
merely  differ  from  those  in  being  straight  slides,  instead  <')f 
sliding  on  curved  seats  i 
A.  Yes. 


Q.  In  the  arrangement  of  Seaward’s  valves  would  the 
pressure  be  any  greatei*  upon  the  parts  than  in  the  defend-  1238 


ants'  i 


A.  1  cannot  sav  that  it  would. 

Q.  I  do  not  mean  accuratelv.  but  i;eiiei‘allv ' 

A.  There  w'ould  be  a  similarity  in  the  arrangement,  pro- 
ducino'  similar  results. 

^  'T-  •  • 

Q.  Xow,  sir,  in  relation  to  this  contact  of  the  latches  : 
^^hen  Sickels’  stop  is  set  to  cut  olf  anywhere  within  half¬ 
stroke.  do  I  understand  vou  to  sav  that  in  returuins  again 
after  disengagement,  tlu'  contact  of  the  latches  with  the 
wedges  would  interrupt  the  action  of  the  governor  i 
A.  Xo,  sir. 

Q.  Xow,  look  at  the  defendant f  model,  and  just  remark  1239 
the  time  that  is  in  contact  there  until  it  comes  back  again, 
(^operating  the  machine — )  I  want  to  kllo^v  whether  in  that  ar- 
I'angement  the  hook-rod,  with  the  tension  of  the  spring,  is 
not  in  contact  witli  the  adjustable  stop  from  the  moment  it 
begins  to  disengage  the  valve,  until  the  hook-rod  comes 
back  to  the  point  at  which  it  first  commenced  to  engage, 
and  whether  during  the  whole  of  that  time  it  does  not  im¬ 
pede  the  freedom  of  the  governor  ( 

A.  Xot  during  the  whole  time.  I  do  not  think  it  would 
amount  to  anvthing. 

t' 

Q.  AYould  not  the  contact  of  the  hook-rod,  with  the  ten- 1240 
si  (HI  of  this  spring,  tend  more  to  impede  the  freedom  of  the 
governor  than  the  plaintiffs’  ( 

A.  Xo,  sir — very  little,  if  at  all. 

Q.  AYould  it  not  have  some  influenced 
A.  I  do  not  know  that  it  would  practically. 

Q.  Would  it  not  be  more  than  no  touch  at  all  i 
A.  It  is  almost  no  touch  at  all. 

Q.  Is  there  not  more  than  no  touch  at  all — more  than  no 
contact  there  d 


A.  Except  when  in  contact  when  they  hook  on. 
ly  After  the  defendants’  has  disengaged,  does  not  the 
hook-rod,  with  the  tension  of  its  s])riiig,  continue  in  con¬ 
tact  with  the  stop,  and  to  that  extent  bear  upon  the  slide 
of  the  governor  d 

A.  It  may  not  be  in  contact.  There  is  in>  necessity  for  its 
being  in  contact. 


^  y 
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1241  Q.  Must  it  not  contiime  in  contact  during  the  whole  of 
the  time,  until  it  comes  hack  again,  by  reason  of  tlie  verv 
motion  ? 

A.  It  may  be  in  contact  without  absorbing  suthcient 
power  to  materially  aifect  the  governor. 

Q.  But  there  is  no  such  contact  in  Sickels',  is  there,  after 
the  disengagement  takes  place?  After  the  disengagement 
takes  place,  and  the  moment  it  leaves  the  w^edges,  is  not  the 
governor  perfectly  free? 

A.  They  do  not  bear  upon  tlie  governor  in  any  way. 

Q.  Has  the  rigidity  of  the  spring  anything  to  do  witli 

1 242  the  governor,  after  it  has  passed  the  w^edges  ? 

A.  In  both  cases  it  is  alike. 

Q.  Is  there  any  connection  with  tlie  governor  in  any  Avay 
after  the  disengagement  has  taken  place  ? 

A.  There  appears  to  be  there. 

Q.  Is  there  not  a  contact  there  to  a  certain  extent  ? 

A.  After  disengagement  takes  place  ? 

Q.  To  the  extent  of  the  tension  of  the  spring-hook  ^ 

A.  Whatever  weight  will  be  in  this  would  be  deducted 
from  the  pressure  of  that  hook  from  wdiich  the  governor  is 
1248  detached. 

Q.  Blit  there  is  contact  ? 


A.  Yes. 


JeyicheSj  that  the  mahogany  model  of  the  plaintiffs’  appara¬ 
tus,  furnished  by  the  defendants,  and  the  black  model  w^ere 
correct  representations  according  to  the  specification  and 
drawing  attached  to  Sickels’  patent.  | 


wdio  being  sworn,  testified  as  follows  : 

Q.  What  is  your  occupation  ? 

A.  A  machinist. 

Q.  AYliere  yon  do  you  work,  sir  ? 

A.  With  Corliss,  Hightingale  A  (Jo. 

Q.  Hid  yon  work  upon  this  engine  of  Youngs  A  (^utter’s  ? 
A.  Yes. 

Q.  What  did  yon  do  ? 

A.  I  set  it  lip. 

Q.  Have  you  ever  set  up  any  other  engines  of  the  same 
make  ? 

A.  Yes. 

Q.  How  many  i 

A.  Fifteen  others  ;  perhaps  iliore. 

Q.  How  many  in  this  city  ? 


A.  Six. 
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Q.  Did  you  make  any  marks  upon  this  entriue  of  the  de- 1245 
fendaiits’j  when  yon  set  it  u| » '< 

A.  Yes. 

Q.  Where  were  those  marks  i 

[Tlie  witness  pointed  out  upon  the  plunger  of  the  defend¬ 
ants’  engine,  marks,  showing  tiie  points  of  the  opening  and 
closing  of  the  valves.] 

Q.  Did  you  point  out  those  marks  to  Mr.  Hibbard  and 
Mr.  Bryant  ( 

A.  Yes,  sir. 

Q.  In  that  engine,  will  you  state  whether  or  iiot  the 
valve  closes  its  port  before  or  after  the  As  eight  reaches  the 
orifice  in  the  air-cylinder  (  124^ 

A.  The  valve  is  closed  before  the  weight  comes  to  the  A 
bottom,  or  before  it  comes  to  the  opening  that  is  in  the  hot- 
tom  of  the  cylinder. 

Q.  What  opening  do  you  mean  ' 

A.  The  opening  at  the  side. 

Q.  How  is  it  in  other  engines  that  you  have  set  up  of  the 
^ame  make  i 


A.  It  dej^euds  upon  the  size  of  the  engine.  If  it  were  a 
large  engine,  the  marks  would  be  the  same  for  the  valves, 
but  the  weight  would  not  come  down  so  near  the  opening 
before  the  closing  of  the  valve.  If  it  is  a  large  engine,  you  1^47 
raise  the  weight  higher. 

Q.  In  this  engine  of  Youngs  (hitter's,  does  the  weio’ht 
move  after  the  valve  has  closed  its  port  { 


A.  Yes. 

(Y  How  far  ' 

A.  A  little  oveihiAtidis.  ■>-H4t^Lpiite  5-8tli:a^^M-amineh. 

Q.  Have  vou  seen  the  engine  of  the  defendants'  workino- 
without  a  rod  attached  to  the  weight  ^ 

A.  T  es. 

Q.  What  was  put  in  jdace  of  the  rod  i 

A.  A  string,  or  strap.  1  iiave  seen  it  with  a  stiing  and 
with  a  strap. 

Q.  How  did  it  work  witii  a  string  or  strap  (  1248 

A.  It  seemed  to  work  a>  well  as  with  a  rigid  connection, 
if  not  a  little  better. 

Q.  Have  you  seen  tliese  parts  i»f  an  engine  before  ' 

A.  T  es. 

Q.  Where  did  thev  come  from 

A.  I  think  1  have  seen  tliem  at  the  Atlantic  l)e  Laine 
Mills,  in  Providence. 

Q.  What  parts  were  these  ' 

A.  T/uct  was  the  steam-valve  and  dash-jjot,  as  it  is  called, 
of  Sickels’  cut-ofi*. 


Q.  Who  took  this  engine  down  I 
A.  I  do  not  know. 


254 


1249 


1250 


Q.  Were  yon  present  at  the  time  it  was  taken  down  ? 

A.  I  was  not  present  when  that  part  of  it  was  taken 
down. 

Q.  Do  you  kiioy'  whether  that  was  part  of  one  of  these 
engines  % 

-A.  I  have  seen  that  part  there,  and  I  saw  it  when  it  was 
carried  out  of  there. 

.  Q.  Do  you  know’^  who  built  that  engine  ? 

A.  It  was  built  by  Thurston,  Greene  &  Co. 

Q.  Will  you  look  at  that  iron  throttle  over  yonder,  and 
state  w^here  that  came  from  ? 

A.  That  was  used  as  a  throttle-valve,  and  it  came  from 
the  Atlantic  De  Laine  AYorks,  in  Providence. 

Q.  Was  it  not  part  of  this  same  engine  ? 

A.  Yes  ;  I  assisted  to  take  that  valve  out. 

Q.  Will  you  look  at  the  dash-pot  and  air-cylinder  on  the 
boor,  and  state  Avhere  they  came  from  ? 

A.  Tins  came  from  Youngs  A  Cutter’s  engine.  It  has 
]>een  at  work  there  two  and  a-half  years,  pretty  nearly  three 
years. 


Q.  What  are  the  marks  on  that  plunger,  and  Avhat  do 
1251  they  show  ? 

A.  Where  the  valve  is  upon  the  point  of  opening  or 
closing.  There  is  a  mark  when  it  is  down  at  the  bottom. 


Mr.  Blatehford. — It  tills  all  that  s])ace  after  the  valve  is 
closed  i 
A.  Yes. 


Mr.  Jenckes. — Will  vou  state  whetiier  you  have  ever  as- 

«/  */ 

sisted  in  the  construction  of  any  engines  operated  Avith  the 
<dd  valve-gear  of  W att  i 
A.  Yes. 

1252  Q-  where  ? 

A.  I  have  assisted  to  set  tliem  up  and  build  them  in 
Glasgow,  in  Scotland. 

Q.  How  long  ago  ? 

A.  About  eighteen  years  ago,  1  guess. 

Q.  Have  you  ever  seen  Watt’s  valve-gear  in  use  in  this 
country  ? 

A.  Yes  ;  at  the  Jersey  City  Water- Works. 

Q.  For  what  purpose  is  it  used  tliere  ? 

,  A.  For  pumping  water  into  the  resei'Amir. 

!  Q.  Have  you  ever  seen  that  A^alve-gear  used  for  closing 
;  tlie  valve  by  the  weight  t 

f  A.  I  have  seen  it  used  for  the  closing  of  the  valve  with 
'  the  plunger,  and  opening  of  the  vah^e  with  a  Aveight. 

Q.  By  a  strap. 

A.  Yes  ;  generally  hung  by  a  strap. 
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On  being  cnm-examined ^  the  AYitness.  Willia:m  Olark.  1258 
testibed  as  follows : 

Q.  When  did  von  see  this  engine  at  work  in  Jei*sey 
City  ? 

A.  I  saw  it  last  week,  sometime.  1  heard  of  it  before. 

Q.  How  many  strokes  does  it  make  per  mimite  t 

A.  About  rlj,  and  5. 

Q.  How  manjsti’okes  does  the  engine  at  Youngs  A  (hit¬ 
ter’s  make  per  minute  ? 

A.  I  do  not  know.  It  ought  to  make  48.  That  is  what 
it  was  calculated  to  do  when  it  was  put  up.  It  may  be 
going  more  or  less  now.  Perhajis  they  have  altered  it. 

Q.  When  the  weight  of  YWungs  A  Cutters  falls  that  dis-1254 
tance  of  1  inch  and  1-lfith.  does  it  move  the  valve  ? 

A.  Y  es. 

Q.  At  that  time,  does  it  not  move  the  valve  verv  slowly  { 

A.  Xot  yery  slowly. 

t/  C' 

Q.  After  the  weight  is  checked,  then  it  continues  still  to 
moye  down,  and  carry  the  valye  with  it  i 

A.  Yes. 

Q.  Do  you  know  if  that  weight  is  suhicieiit  to  moye  the 
valye  when  the  yalye  is  on  its  seat,  after  the  port  is  closed  < 

A.  Y’es  ;  more  than  sufficient,  I  should  think. 

Q.  Where  is  what  you  call  the  valve-stem’’  on  Corliss' 
engine  ?  Point  it  out  on  the  model.  1255 

A.  Here,  (pointing  to  the  rock-shaft  of  the  valve.  ) 

Q.  This  rocking-shaft,  as  it  is  called  ? 

A.  Yes. 

The  Court  then  adjourned  to  January  9th,  1855,  at  11 
o’clock,  A.  M. 


Januarv  9th,  1855,  11  rf clock,  A.  M. 

«-  * 

The  counsel  for  the  defendants  put  in  evidence  re-issued 
lettei’s  patent  of  the  United  States,  granted  to  George  H. 
Corliss,  of  Providence,  Phode  Island,  on  the  18th  of  May, 
1851,  for  14  years  from  the  10th  of  March,  1849.  for  a  new 
and  useful  imprcn^enymtt  the  valves^ 9 

of  steam-engines,"  (said  letters  patent  having  been  so  re¬ 
issued  on  an  amended  specification,  on  the  surrender  and 
cancellation  of  original  letters  patent  granted  to  said  Cor¬ 
liss,  for  the  same  improvements,  on  the  10th  of  March, 
1849,)  together  with  the  schedule  and  drawing's  amiexed  to 
said  re-issued  letters  patent,  which  schedule  was  as  fol¬ 
lows  : — 
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1257  The  Sched'^tie  ref  erred  to  in  these  Letters  PaterL  (frid 

maMiig  part  of  tl\e  same. 

To  all  to  wlioin  these  presents  shall  conie  : 

Be  it  known,  that  I,  George  H.h  knliss,  of  the  city  and 
county  of  Providence,  and  State  of  Rhode  Island,  liave  in¬ 
vented  certain  new  and  useful  improvements  iix,steaiu-en- 
gines,  and  that  the  following  is  a  fuHy'cteaf  ahcTexact  descrip¬ 
tion  of  the  principle,  oi*  character  which  distinguishes  them 
from  all  other  things  before  known,  and  of  the  manner  of 
making,  constructing  and  using  the  same,  reference  being  had 

1258  to  the  accompanying  drawings,  making  part  of  this  specifica¬ 
tion,  in  which  fig.  1  is  a  side  elevation  of  an  engine  on  my 
improved  plan  ;  fig.  2,  a  longitudinal  vertical  section ;  fig. 
8,  an  elevation  of  the  valves,  and  the  arrangement  of  parts 
working  them  ;  fig.  I,  a  plan  thereof ;  fig.  5,  a  sej^arate  sec¬ 
tion  representing  a  latch  used  in  the  valve-gear ;  figs.  6  and 
7,  a  plan  and  section  of  an  air  cylinder  and  piston  for  check¬ 
ing  the  motion  of  the  A-alve  apparatus. 

The  same  letters  indicate  like  parts  In  all  the  figures.  In 

1259  that  class  of  steam  engines  in  A^dlich  the  steam  and  exhaust 
ports  of  the  cylinder  are  opened  and  closed  by  slide-valves, 
whenever  the  vah’^es  close  the  ports,  the  steam  presses  them 
upon  their  seats  AAdth  its  whole  force,  and  they  cannot  then  be 
moved  without  the  exj^enditure  of  a  considerable  amount  of 
power ;  but  Avdieii  the  vah^es  do  not  completely  close  their 
ports,  the  steam  pressing  upon  both  sides  of  them,  does  not 
tend  to  hold  them  upon  their  seats,  and  at  these  times  the 
valves  can  be  imwed  with  but  a  small  exertion  of  force. 
When  a  vaRe  has  closed  its  port,  its  office  is  performed  ; 

1260  and  hence  the  force  exerted. in  any  further  moA'ement  of  it 
Avhile  the  port  remains  closed,  is  Avholly  lost. 

ISow,  it  is  customary  in  this  class  of  engines  to  connect  the 
valves  rigidly,  so  that  when  one  is  moved,  the  other  is  forced 
to  move  Avith  it  to  the  same  extent ;  the  closed  Amh^e  is  there¬ 
fore  moved  Avith  the  ojAening  one,  and  consequently  the  Avhole 
amount  of  force  consumed  in  moving  it,  AAdiile  closed,  is  ex¬ 
pended  to  no  good  purpose,  and  tends  only  to  increase  the 
Avear  and  tear  of  the  engine.  To  avoid  this  sacrifi  ce  of  poAver, 
and,  at  the  same  time,  to  retain  tiie  advantages  AAdiich  result 

1261  from  the  connection  of  the  valves,  is  the  object  of  the  first 

part  of  my  invention — Avhich  consists  in  moving  each  of  the 
steam  and  exhaust  A^alves  of  an  engine  independently  by 
means  of  one  crank  AA*rist,  of  a  series,  Avhich  are  ail  attached 
to  a  commoh'~tfek7wriHt^plat^^  equh^alent  device, 

Avhich  is  secured  to  and  moved  with  a  rock-shaft. 

The  seA^eral  wrists  Avhich  Avork  the  different  A^ah'es,  are  ai’- 
ranged  upon  the  Avrist-place  in  such  positions  with  respect  to 
the  rods  and  leA^ers,  or  other  devices  Avhich  connect  them  with 
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the  valves,  that  they  shall  act  like  so  many  cranks,  each  of  1262 
which  vibrates  near  its  dead  point  or  point  of  slowest  throw, 
and  therefore  imparts  but  little  movement  to  the  valve  it  ac¬ 
tuates  when  the  latter  is  closed ;  while  each  moves  with  its 
fastest  throw,  and  therefore  communicates  the  greatest  move¬ 
ment  to  its  valve,  when  the  latter  is  open.  Two  great  advan¬ 
tages  result  from  this  method  of  working  the  valves ;  in  the 
first  place,  much  of  the  power  heretofore  expended  in  moving 
the  closed  valve,  is  saved ;  and,  secondly,  the  wire-drawing  of 
the  steam  is  reduced,  because  the  valves  while  ojDening  and 
closing  the  ports,  are  moved  with  increased  speed.  1263 

The  second  part  of  my  invention  relates  to  the  method  of  \ 
regulating  the  cut-off  of  the  steam  in  its  passage  into  the  en¬ 
gine  ;  and  consists  in  effecting  this  by  means  of  the  Governor 
which  operates  cams,  so  that  when  the  velocity  of  the  engine 
is  too  great,  these  cams  shall  be  moved  by  the  action  of  the 
regulator  to  such  positions,that  catches  on  the  valve-rods  may  / 
the  sooner  come  in  contact  with  them  to  liberate  the  valves,  / 
and  admit  of  their  being  closed  by  the  force  of  a  weight  or  / 
springs,  and  thus  cut  off  the  steam  in  proportion  to  the  ve-/ 
locity  of  the  engine ;  this  being  done  sooner  when  the  veloci-/l264 
ty  of  the  engine  is  to  be  reduced,  and  later  when  it  is  to  ba 
increased.  ( 

In  the  steam-engine  represented  in  the  accompanying 
drawings,  the  steam  and  exhaust  valves  Z,  Z,  and  m,  m,  are  sit¬ 
uated  in  steam-chests  o,  at  each  extremity  of  the  steam- 
cylinder  ;  the  chest  n,  at  the  top,  is  formed  in  the  cylinder- 
head,  while  the  other  o,  is  let  into  a  recess  in  the  bed-plate. 

Each  exhaust-valve  m,  is  attached  to  one  extremity  of  a  valve- 
rod  which  is  fitted  at  its  opposite  extremity  with  a  sliding 
head  that  is  linked  by  a  connecting-rod  r,  to  one  arm  5,  of  1265 
a  bell-crank  t.  The  other  arm  v  of  the  bell-crank  is  connect¬ 
ed  by  a  rod  with  a  wrist-pin  w  on  the  wrist-plate  x.  The 
latter  is  secured  to  a  rock-shaft  to  which  the  requisite  vibra¬ 
tory  motion  is  imparted  by  an  eccentric  a  through  the  in¬ 
tervention  of  an  eccentric-rod  and  an  arm  y  secured  to  the 
rock-shaft. 

The  wrists  w  of  the  two  valves  are  in  this  example  a 
quarter  of  a  circle  distant  from  each  other,  and  the  two 
connecting-rods  extend  in  opposite  directions  from  the  rock- 1266 
shaft, — Whence,  when  one  wrist  is  at  its  point  of  greatest 
throw,  the  other  is  at  its  dead  point ;  and  when  one  is  im¬ 
parting  to  its  rod  and  the  valve  connected  therewith,  the 
greatest  movement,  the  other  is  imparting  to  its  valve  the 
least.  Each  valve  is  therefore  moved  alternately  fast  and 
slow  ;  and  the  fast  movement  of  one  is  effected  during  the 
slow  movement  of  the  other;  nearly  the  whole  movement 
or  throw  of  each  valve  being  effected  while  the  port  is 
either  partially  or  wholly  open,  at  which  time  the  least 
33 
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126T  power  is  required  to  move  it ;  while  as  the  small  remnant 
oF  the  throw  when  the  port  is  closed,  is  effected  during  the 
slow  movement,  hut  little  power  is  then  required,  as  the 
distance  to  which  the  valve  is  moved,  is  now  very  short. 
The  steam  valves,  Z,  Z,  are  worked  in  a  manner  similar  to 
that  of  the  exliaust- valves,  with  the  exception  of  an  arrange¬ 
ment  by  means  of  which  they  are  made  to  close  and  cut 
off  the  sujjply  of  steam  at  any  required  portion  of  the 
stroke.  The  valve-rods  h  of  these  valves  are  double,  and 
instead  of  being  |)ermaneiitly  linked  to  their  appropiiate 

1268  bell-cranks,  are  each  connected  by  a  detachable  link  li'  with 
a  rack  y',  whose  teeth  engage  with  those  of  a  tooth  sector jZ”' 
on  the  bell  crank.  This  detachable  link  A'  is  hiimed  at  one 

o 

extremity  to  the  cross-head  whicli  unites  the  two  mem¬ 
bers  of  the  double  valve-rod  ;  it  has  a  shoulder  i’  at  its  op¬ 
posite  extremity,  Avhich  engages  in  a  corresponding  socket 
on  the  rack,  and  is  kept  in  place  by  a  spring  i” .  This  link 
li'  is  also  fitted  near  the  rack  with  a  projection  which  is 
struck  at  the  proper  moment  to  detach  the  link  from  the 
rack  by  a  revolving  helical  cam  k' .  The  helical  cams  which 

1269  detach  the  links  h!  h'  of  the  two  steam  valves  Z  Z,  are  both 
secured  to  an  upright  shaft  Z',  which  is  caused  to  revol  ve  by 
the  movement  of  the  crank-shaft,  and  is  arranged  at  the 
same  time  to  move  freely  up  or  down  in  its  boxes.  This 
shaft  is  connected  at  r'  with  the  governor,  (which  in  the 
present  instance  is  of  the  centrifugal  variety,  that  being  the 
kind  I  have  used,  deeming  it  the  best,)  so  that  it  shall  move 
up  or  down  as  the  balls  of  the  governor  rise  and  fall. 
When  the  governor  balls  s'  s'  are  at  their  lowest  position, 
the  shaft  V  is  depressed  so  far  that  the  helical  cams  k'  k’  are 

1270  below  the  range  of  the  valve-link  A' A',  and  consequently 
cannot  detach  them  ;  hence  in  this  position  of  the  governor 
balls,  the  steam-valves,  being  connected  Avith  their  AAU’ist- 
pins  throughout  the  Avhole  length  of  the  stroke,  are  o^Dened 
and  closed  in  the  same  manner  as  the  exhaust- valves.  As, 
however,  the  Amlocitv  of  the  enmne  is  increased,  and  the 
governor  balls  rise  under  the  increased  centrifugal  force, 
the  upright  shaft  V  is  correspondingly  raised,  and  the  cams 
being  now  revolved  Avithin  the  range  of  the  A^alve-links, 
strike  the  ]>rojections  j'  and  detach  the  links  h'  from  their 

1271  racks. 

The  helical  cams  extend  round  the  shaft  in  the  same 
direction  as  the  latter  is  turned,  consequently  the  higher  the 
shaft  V  and  its  cams  are  raised,  the  sooner  will  the  cams 
strike  the  projections  and  detach  the  links.  As  soon  as  the 
links  are  detached,  the  Amlves  being  entirely  disconnected 
from  the  mechanism  by  means  of  whch  they  are  opened, 
are  consequently  free  to  close.  As  the  steam-valA^es  in  the 
steam-engine  represented,  move  horizontally,  they  do  not 
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tend  to  close  by  their  own  weight,  and  are  consequently  1272 
closed  by  means  of  weights  o’  o',  which  act  through  the  in¬ 
tervention  of  bent  levers,  or  bell  cranks  m',  upon  cross 
blocks  n',  secured  to  the  respective  valve-rods.  In  order  to 
prevent  the  jar  which  would  result  from  the  sudden  stop¬ 
page  of  the  motion  of  the  weight,  each  cross  block  n'  has  a 
cylindrical  socket  formed  in  the  face  nearer  the  steam  cylin¬ 
der,  and  a  piston  is  secured  to  the  engine  frame,  which 
entei*s  the  cylindrical  socket  and  compresses  the  air  within 
it  to  form  an  elastic  cushion  to  prevent  the  jar.  As  the 
racks  g'  are  mo\xd  back  by  the  action  of  the  wrist-pins  and  1273 
the  bell  cranks,  the  shoulder  of  the  link  re-engages  with 
the  socket  on  the  rack,  so  that  the  valve  being  now  re-con¬ 
nected  with  the  valve  mechanism,  is  opened  by  the  wrist- 
pin  at  the  proper  moment  to  admit  steam  into  the  cylinder. 
When  the  steam- valves  are  not  used  as  variable  cut-off- 
valves,  they  are  to  be  operated  in  every  particular  like  the 
exhaust-valves.  It  is  obvious  from  the  foregoing  descrip¬ 
tion,  that  wlien  the  valves  are  so  arranijed  that  thev  move 
parallel  with  the  axis  of  the  cylinder,  as  is  the  customary  1274 
arrangement  in  slide-valve  engines,  the  rock-shaft  by  which 
they  are  operated,  may  with  advantage  be  located  in  a  posi¬ 
tion  different  from  that  described  above,  and  the  valve-con¬ 
nections  must  be  adapted  to  this  change. 

A  convenient  mode  of  arranging  the  several  parts  when 
the  valves  move  parallel  with  the  axis  of  the  cylinder,  is 
rej^resented  at  Fig’s.  8  and  9,  in  which  the  lettei’s  indicate 
the  parts  corresponding  with  those  indicated  by  them  m 
the  arrangement  before  described. 

I  wish  it  to  be  distinctly  underetood,  that  in  the  mode  of 
rea’iilatino'  the  cut-off*  bv  the  a’overnor,  I  do  not  limit  mv- 1275 
self  to  the  use  of  the  particular  kind  of  cams  described  or 
represented  ;  as  the  form,  position  and  operation  of  these 
may  be  greatly  varied  without  changing  the  principle  of 
this  part  of  my  invention ;  as,  for  instance,  stops  or  cams 
connected  with  the  slide  of  the  governor  by  level's,  may  be 
made  to  slide  in  the  direction  of  the  plane  of  motion  of  the 
valve-rods,  to  vary  the  periods  of  liberating  the  catches  of 
the  valve-rods ;  or  wedge-formed  stops  or  cams  may  be  sub¬ 
stituted  for  the  helical  cams  and  attached  to  the  cam-rod, 
which,  in  that  case,  must  not  turn.  1276 

The  mode  of  applying  the  principle  which  I  have  first 
described,  is  the  one  which  I  have  essayed  with  success, 
and  therefore  I  have  described  it  minutely;  but  the  two 
modifications  indicated  will  show  clearly  that  the  same- 
principle  is  susceptible  of  various  modifications. 

What  I  claim  as  mv  invention,  and  desire  to  secure  bv 
Letters  Patent,  is,  first,  the  method  substantially  as  de¬ 
scribed  of  operating  the  slide-valves  of  steam-engines,  by 
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1277  connecting  the  valves  that  govern  the  ports  at  opposite 
ends  of  the  cylinder,  with  separate  arms  of  the  rock-shaft 
or  the  mechanical  equivalents  thereof ;  so  that  from  the 
motion  thereof,  the  valve  that  keeps  its  port  or  ports  closed, 
shall  move  over  a  less  space  while  its  port  or  ports  is  closed, 
than  the  one  that  is  opening  or  closing  its  port  or  ports,  and 
vice  versa ;  while  at  the  same  time,  the  two  arms  by  which 
they  are  operated  have  the  same  range  of  motion  as  de¬ 
scribed  ;  whereby  I  am  enabled  to  save  much  of  the  power 
heretofore  required  to  work  the  slide-valves  of  steam-en- 
1^78  gines,  and  by  which  also  I  am  enabled  to  give  a  greater 
range  of  motion  to  the  valves  at  the  periods  of  opening  and 
closing  the  ports  to  facilitate  the  induction  and  eduction  of 
the  steam  as  specified. 

And  lastly,  I  claim  the  method  of  regulating  the  motion 
of  steam-engines  by  means  of  the  regulator,  by  combining 
the  said  regulator  with  the  catches  that  liberate  the  steam- 
valves,  by  means  of  movable  cams  or  stops,  substantially  as 
described. 

George  H.  Corliss. 

Signed  in  the  presence  of 
1279  John  H.  Clark, 

E.  J.  hfiGHTINGALE. 


Tlie  counsel  for  the  defendants  then  put  in  evidence 
Letters  Patent  of  the  IJnited  States,  granted  to  the  said 
George  H.  Corliss  on  the  29th  of  July.  1851.  for  fourteen 
years  from  that  day,  for  a'TOT^^ancT useful  ‘improved  cut- 
otf  gear,’’  together  with  the  schedule  and  drawings  annexed 
to  said  Letters  Patent,  which  schedule  was  as  follows  : 

Schedule 

1280  To  all  to  whom  it  may  concern ;  Be  it  known,  that  I, 
George  H.  Corliss,  of  the  city  and  county  of  Providence, 
and  State  of  Phode  Island,  have  invented  a  new  and  useful 
improvement  in  the  method  of  actuating  variable  cut-off 
valves  for  steam  and  gas  engines  ;~anjrT~J(ni^e133^ declare^ 
that  the  following  is  a  full,  clear  and  exact  description  of 
the  same,  reference  being  had  to  the  accompanying  draw¬ 
ings  which  form  part  of  this  specification,  and  in  which 

1281  figure  1  represents  a  side  elevation  of  a  beam  engine,  with 
my  valve  gear  applied  thereto  ;  figures  2  and  3  are  frag¬ 
mentary  side  elevations  of  the  steam  cylinder  and  valve 
gear  ;  and  figure  4  is  a  section  of  one  of  the  valve  chests 
and  the  parts  adjacent  thereto. 

My  improvement  has  reference  to  that  class  of  cut-ofi* 
valve  motions  in  which  the  connection  between  the  valve 
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and  the  eccenti-ic  or  the  equivalent  thereof,  which  opens  1282 
the  valve,  is  broken  to  allow  the  valve  to  move  independ¬ 
ently  of  the  eccenti’ic,  and  close  its  steam  port  before  the 
piston  has  completed  its  stroke  :  and  my  improvement  con¬ 
sists  in  effectins:  this  disconnection  of  the  valve  and  the 
eccentric  gear  or  the  'equivalent  thereof,  by  imparting  to 
the  lifting  rod  a  lateral  movement  which  is  limited  and 
controlled  by  an  adjustable  stop  and  spring :  so  that  the 
lifting  rod  not  only  perfoims  the  duty  usually  imposed  upon 
it,  of  opening  the  valve,  but  also  performs  the  office  of  a 
catch  or  latch  in  connecting  and  disconnecting  the  valve 
with  the  eccentric  gear. 

In  the  accompanying  drawing  A  is  the  steam  cylinder, 
and  ^  the  crank  shaft  of  the  enoine.  The  steam  cvlinder 
is  fitted  with  two  side  pipes  0  which  form  the  valve 
chests  in  which  the  valves  are  contained.  That  side  pipe 
C,  further  from  the  crank  shaft  contains  the  steam 
valves,  and  is  connected  with  the  steam  pipe  which  con¬ 
veys  the  steam  from  the  boiler ;  the  other  side  pipe  con¬ 
tains  the  exhaust  valve,  and  is  connected  with  the  exhaust 
pipe  through  which  the  exhaust  steam  from  the  cylinder  is 
discharged.  The  steam  and  exhaust  valves  are  in  this  in- 1281 
stance  of  the  sKde  variety,  and  each  is  moved  to  open  and 
close  its  respective  port,  by  an  arm  Y  which  projects  from 
a  short  rock  shaft  Z.  These  rock  shafts  extend  transversely 
through  stuffing  boxes  in  the  sides  of  their  respective  valve 
chests,  and  their  projecting  extremities  are  fitted  with  arms 
d  b  b.  The  arms  d  d  of  the  exhaust  valves  are  connected 
by  means  of  lifting  rods  b  h  with  separate  crank  wrists  c  c 
secured  to  a  disc  plate  to  which  a  rocking  motion  is  im¬ 
parted  by  the  eccentric  -F  through  the  intervention  of  the 
eccenti’ic  rod  d  and  a  crank  ^  secured  to  the  disc  plate  1285 
The  connection  of  these  exhaust  valves  with  the  crank 
wrists  of  the  disc  plate,  and  thence  with  the  eccentric  ai’e 
permanent,  and  hence  the  exhaust  valves  will  be  alter¬ 
nately  opened  and  closed  with  a  regular  movement,  the 
opening  of  one  exhaust  valve  being  simultaneous  with 
the  closing  of  the  other.  The  arms  g  g  of  the  steam-valve 
rock  shafts  terminate  in  toes  o  o  :  and  are  operated  by  lift¬ 
ing  rods  h  h  which  are  pivoted  to  suitable  crank  wrists  e  e 
upon  the  disc  plate  E.  These  lifting  rods  terminate  in  1286 
hooks  i  i  which  engage  with  the  toes  o  o  of  the  rock  shaft 
ams,  and  are  kept  engaged  with  them  by  spring's which 
bear  upon  the  backs  of  the  lifting  rods  ;  hence  as  long  as 
these  hooks  continue  engaged  with  the  toes  of  the  rock 
shaft  arms  the  steam  valves  will  be  opened  and  closed  with 
a  regular  movement  in  the  same  manner  as  the  exhaust 
valves  :  while  if  the  hooks  of  the  lifting  rods  be  disengaged 
iTom  the  toes  at  any  portion  of  the  stroke,  the  connection 
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1287  of  the  steam  valves  with  the  eccentric  will  be  broken,  and 
the  steam  valves  will  be  free  to  close,  and  thus  cut  off  the 
passage  of  steam  to  the  steam  cylinder. 

In  order  to  effect  this  disengagement  of  the  lifting  rods 
which  communicate  the  movement  of  the  eccentric  to  the 
steam  valves,  each  rod  is  fitted  with  an  adjustable  stop  h 
against  which  the  face  of  the  rod  bears  in  moving,  and 
/  which  can  be  moved  to  cause  the  hooked  extremity  of  the 
rod  to  detach  itself  from  the  respective  toe  of  the  rock  shaft 
arm  when  the  steam  piston  has  accomplished  any  required 
288  portion  of  its  stroke.  These  stops  are  constructed  to  slide 
in  blocks  m  secured  to  the  frame  work  or  other  conveni¬ 
ent  portion  of  the  engine ;  their  extremities  bear  against 
two  inclined  blocks  h  5,  which  are  secured  to  a  rod  a,  by 
raising  or  lowering  of  which  the  stojjs  are  moved  to  effect 
the  disengagement  of  the  lifting  rods,  when  the  piston  has 
accomplished  a  less  or  greater  portion  of  its  stroke.  This 
sliding  rod  in  the  examples  represented  in  the  drawing,  is 
constructed  to  be  moved  by  hand  through  the  intervention 
l2fe9of  a  rack  //,  and  worm  y?;  the  last  of  which  is  turned  by 
hand  to  screw  up  or  screw  down  the  sliding  rod  ;  but  the 
'  sliding  rod  G  may  be  moved  by  the  engine  itself,  b}^  con¬ 
necting  it  with  the  slide  of  the  governor,  so  that  as  the 
latter  is  moved  the  point  at  which  the  cut-off  is  effected 
will  be  varied. 

The  inclined  blocks  1 1  are  of  such  form  that  when  they 
are  raised  to  their  highest  position,  as  at  figure  3,  the  stops 
h  h  will  be  so  far  projected  that  the  lifting  rods  h  h  bearing 

1290  upon  them,  will  in  moving  disengage  from  the  toes  of  the 
rock  shaft  arms  before  the  valves  have  moved  sufiiciently 
to  open  their  respective  ports  ;  while  if  the  inclined  blocks 
are  dej)ressed  by  the  rod  G  to  their  lowest  positions,  as  at 
figure  1,  the  stops  h  Ic  will  recede  in  their  slide  blocks  m 
sufiiciently  to  have  no  action  upon  their  respective  lifting 
rods,  and  hence  the  latter  will  continue  engaged  with  their 
respective  toes  throughout  the  whole  extent  of  the  stroke. 
If  the  inclined  blocks  be  set  between  these  two  extreme 
positions,  as  at  figure  2,  the  stops  will  be  more  or  less  pro¬ 
jected,  to  detach  the  lifting  rods  sooner  or  later,  as  may  be 

1291  required  to  regulate  the  amount  of  steam  admitted  to  the 
steam  cylinder. 

r  In  order  to  efiect  the  closing  of  the  steam  valves  after 

they  are  disconnected  from  the  eccentric  gear,  the  rock 
shaft  arm  appertaining  to  each  of  them  has  a  weight  r  sus¬ 
pended  from  it  by  a  rod  These  weights  are  sufiiciently 
heavy  to  effect  the  instantaneous  closing  of  the  valve  when¬ 
ever  its  appropriate  lifting  rod  is  disengaged  from  the  toe 
of  the  rock  shaft  arm. 

In  order  to  prevent  the  slam  and  jar  that  would  result 
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from  the  sudden  closing  of  the  valves,  these  weights  are 
fitted  to  move  easily  in  appropriate  sockets  IbrmedjJn  the 
present  example,  in  thelb'edpl^'ot'i^ engine;  "The  w^i^ts 
moving  in  the  socketT^CtTis  pistons  to  compress  the^  air 
therein  and  thus  retard  their  descehtpanci  ak  air  cushion^ 
"bpjfeveirt'T^  stagTor  jar.  ~Tf  the  compression  of  the  air 
bntmued  tEroughout  the  whole  descent  of  the  weight, 
its  motion  would  he  too  much  retarded  to  enable  it  to  close 
the  valve  with  the  requisite  speed ;  an  orific  f,  figure  1  is 
therefore  made  in  each  socket  near  its  lower  exti’emity,  to 
permit  the  free  entrance  and  exit  of  air.  This  orifice  is  in 
such  a  position  that  the  weight  in  descending  passes  it  and 
thus  cuts  ofi*  the  escape  of  the  air  remaining  in  the  socket 
just  before  the  valve  closes  its  port,  when  the  afr,  caught 
or  shut  up  in  the  socket,  being  compressed,  will  retard  the 
fiu’ther  movement  of  the  weight,  and  will  act  as  an  air 
cushion  to  prevent  the  jar. 

When  the  stops  are  acting,  the  lifting  rods  are  alternately 
disengaged  in  their  inward  movement  towards  the  centre 
of  the  disc  plate,  to  hllow  the  valves  to  close  imder  the  ac¬ 
tion  of  their  respective  weights ;  as  each  lifting  rod  is  moved 
outward,  its  extremity  being  pressed  by  its  appropriate 
spring  j  against  the  toe  of  its  respective  rock  shaft  aiTQ,  is 
caused  to  re-engage  therewith  in  time  to  open  the  steam 
valve  at  the  returning  rock  of  the  disc  plate.  In  order  to 
ensure  the  closing  of  each  steam  valve  before  it  is  re-opened, 
a  curved  snug  Fis projected  from  the  face  of  each  bfting  rod 
4,  which  in  the  outward  movement  of  the  latter  would  strike 
against  the  lower  side  of  the  toe  of  the  rock  shaft  arm,  and 
thus  close  the  latter,  if  by  any  accident  it  was  not  pre¬ 
viously  closed  by  its  appropriate  weight. 

In  order  to  lessen  the  wear  of  the  toes  and  the  hooks  of 
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the  valve  gear,  their  rubbing  faces  are  faced  with  hardened 
plates  of  steel,  which,  when  worn,  can  be  readily  replaced.  ( 
The  arrangement  of  the  lifting  rods,  and  the  method  of  \ 
operating  them  by  the  disc  plate,  as  represented  in  the  ac¬ 
companying  drawings,  is  23eculiarly  suited  to  this  method  of 
effecting  the  disengagement  of  the  valves  from  the  mechan¬ 
ism  by  which  they  are  opened,  for  the  disc  plate  imparts  a 
mption  tojhe  connecting  rods  which  causes  them 
to  rock  uponthe  stopsTaud  thus  slide  oif  their  respective  1296 
toes  on  the  rock  shaft  arms.  ‘  But  while  I  prefer  this  aiTange- 
ment  of  eccentric  gear,  I  wish  it  to  be  understood  that  I'clo 
not  restrict  myself  to  its  employment,  as  my  improvement 
may  be  applied*  to  many  other  systems  of  mechanism  by 
which  valves  are  opened ;  as  such  systems  may  not  pos¬ 
sess  the  peculiar  rocking  motion  I  have  mentioned,  it  wiU 
be  necessary,  in  some  cases,  to  disengage  the  lifting  rods  by 
a  positive  movement  which  may  at  the  proper  moment  be 


’  1297  imparted  to  the  lifting  rods  by  some  moving  member  of 
\  the  engine  through  the  intervention  of  any  convenient  and 

suitable  mechanical  device. 

In  combination  with  the  reciprocating  motions  communi¬ 
cated  to  the  lifting  rods  by  the  eccentric  gear,  I  claim  im¬ 
parting  a  lateral  movement  to  the  free  extremities  of  said 
lifting  rods,  to  disconnect  them  from  the  valves,  and  permit 
the  latter  to  close  to  cut  off  the  steam  or  other  expansive 
fluid  by  which  the  engine  may  be  driven,  whereby  these 

1298  rods  are  made  to  perform  their  usual  duty  of  opening  the 
valves,  and  in  addition  that  of  catches  or  latches  in  alter¬ 
nately  connecting  the  valves  with  and  disconnecting  them 
from  the  mechanism  by  which  they  are  opened,  thus  greatly 
simplifying  the  construction  of  the  valve  gear,  rendering 
the  same  more  durable  and  less  liable  to  get  out  of  order. 

In  testimony  whereofl  I  have  hereunto  subscribed  my* 
name. 

Geokge  H.  Coeliss. 

Witnesses — 

Thomas  A.  Jenckes,  • 

1299  Wm.  it.  Hexdersox. 


It  was  here  admitted  by  the  counsel  for  the  plaintiffs, 
that  the  apparatus  used  by  the  defendants  in  their  engine, 
for  alternately  connecting  the  steam- valves  with  and  dis¬ 
connecting  them  from  the  mechanism  hy  which  they  were 
opened,  was  constructed  and  operated  like  that  described  in 
the  said  schedule  annexed  to  the  said  letters  patent  granted 
to  said  Corliss  on  the  29th  of  July,  1851. 

The  counsel  for  the  defendants  then  put  in  evidence 
j  5UU  ^  duly  certified  copy  from  the  United  States  Patent  Office 
of  the  record  of  letters  patent  of  the  United  States 
granted  to  Frederick  E.  Sickels  on  the  19th  of  September 
^1845^  for  14  years  from  that  day,  and  of  the  schedule  and 
3rawmgs  annexed  to  said  letters  patent,  which  schedule 
was  as  follows : 


The  Schedule  referred  to  in  these  letters  patent  and 
making  part  of  the  same. 

To  all  to  whom  these  presents  shall  come : 

Be  it  known,  that  I,  Frederick  Els  worth  Sickels,  of  the 
City,  County  and  State  of  ISTew  York,  have  invented  a  new 
and  useful  method^of  trijjipg  the  drop-(mt-off*  valves  of 
steam-engines,  and  fegulating  and  adriisfing  the  same ;  and 
thaU  the  following  is  a  full,  cleaUaha  exact  description  of 
the  principle  or  character  thereof,  which  distinguishes  it 
from  all  other  things  before  known,  and  of  the  manner  of 
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Taakiug,  constructing  and  using  the  same;  reference  being  1302 
had  to  the  accompanying  perspective  drawing,  which  makes 
part  of  this  specification. 

By  the  method  now  practised  of  operating  the  drop-cut- 
oft'  valve,  the  motion  is  derived  from  the  lifter  which  ap¬ 
proaches  its  state  of  rest  as  the  piston  of  the  engine  ap¬ 
proaches  the  middle  of  its  stroke,  or  its  maximum  velocity, 
and  the  valve  is  tripped  by  the  same  motion  which  lifts  it ; 
so  that  there  must  be  very  great  nicety  in  the  adjustment  to 
regulate  the  extent  of  the  cut-ofi'  at  about  the  half  stroke. 

ITie  object  of  my  invention  is  to  remedy  this,  and  its  princi- 1303 
pie  or  character  consists  in  tripping  the  valve  by  a  motion 
independent  of  the  motion  of  the  lifting  rod  or  rods  ;  and 
also  in  combining  the  various  parts  in  such  manner  as  to 
I’eo-ulate  the  cut-ofi*  with  accuracv  durinir  the  action  of  the 
engine,  by  connecting  the  two  shafts  that  trip  the  two  cut- 
ofi'  valves,  end  to  end,  by  means  of  adjustable  spring  arms 
that  take  into  and  are  when  set  held  in  the  teeth  of  a  sector, 
which  vibrates  on  the  axis  of  motion  of  the  shafts  and  re¬ 
ceives  its  vibratory  motion  from  the  eccentric ;  which  1304- 
spring  arms  may  be  shifted  in  the  teeth  of  the  sector, 
brought  nearer  to  or  farther  from  each  other,  and  thus  cut 
ofl*  at  a  less  or  gi’eater  portion  of  the  stroke. 

In  the  accompanying  drawing,  [A]  represents  my  im- 
]iroved  drop-cut-oif,  secured  to  me  by  letters  patent  on  the 
day  of  ,  184^  with  the  lifter  [A']  projecting 

from  the  lifting-rod  [A*’]  and  operated  by  the  toes  of  the 
rock-shaft  [C]  in  manner  not  necessary  to  describe;  but  in¬ 
stead  of  disengaging  the  spring  of  the  lifter  [A’]  from  the 
stem  of  the  drop  valve,  by  causing  it  to  strike  a  permanent  130; 
cam  as  it  rises,  I  employ  a  long  spring  [Z’]  projecting  from 
the  lifter  and  fitting  in  a  notch  in  the  stem  of  the  drop  valve 
as  heretofore  made,  but  extending  beyond  this,  and  having 
a  curved  projection  [S’]  on  one  of  its  faces,  and  at  the  ex¬ 
treme  end,  against  which  the  outer  face  of  an  ai’in  or  wiper 
[Z]  strikes  as  it  vibrates  on  its  vertical  axis. 

The  outer  face  of  this  arm  or  wiper  is  parallel  with  its 
shaft  or  axle,  and  of  greater  length  than  the  motion  of  the 
lifter  so  that  it  can  act  on  tlie  curved  projection  of  the 
spring  [Z’]  as  it  is  carried  up  and  down  by  the  lifter,  and 
thus  cause  it  to  drop  the  valve.  The  vibratory  motion  of  1306 
the  arm  or  wiper  [Z]  is  obtained  from  the  eccentric  in  the 
following  manner :  (In  its  axle  there  is  an  arm  [W’]  con¬ 
nected  by  a  rod  [Y]  with  a  similar  arm  [AY]  on  the  upper 
end  of  a  vertical  shaft  [Q]  which  has  a  spring  arm  [T]  at 
its  lower  end,  (with  the  outer  end  liaiidle-form)  and  its  un¬ 
der  face  provided  with  a  lillet  or  catch  to  fall  into  teeth  on 
the  upper  face  of  a  sector  [P]  that  vibrates  on  the  axis  of 
the  shaft  [Q]  it  being  attached  bv  means  of  arms  [U,  U,] 
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1307  that  project  from  two  collars  that  turn,  one  on  the  lower 
end  of  the  shaft  [Q]  and  the  other  on  the  upper  end  of  a 
corresponding  shaft  [O]  below  it.  From  one  end  of  this 
sector  a  connecting  rod  [E]  extends  to  one  arm  of  a  bell 
crank  [L],  the  other  arm  of  which  is  connected  by  a  con¬ 
necting  rod  [N]  with  the  strap  [M]  of  the  eccentric  [I],  and 
at  right  angles  to  the  eccentric  rod  [J]  that  operates  the 
rocking-shaft  [C]  of  the  lifters,  so  that  the  sector  [P],  and 
the  parts  deriving  motion  from  it,  are  at  their  maximum  ve¬ 
locity  whilst  the  rod  [J]  is  passing  the  dead  points  of  the 

1308  eccentric  [1]  and  therefore  the  motions  of  the  arm  or  wiper 
[Z]  correspond  with  the  motions  of  the  piston  of  the  engine 
instead  of  the  lifters ;  and,  therefore,  the  liberation  of  the 
drop  valve  will  be  more  rapid,  and  can  be  regulated  with 
more  accuracy  than  when  the  motion  is  derived  from  the 
lifting-rods  that  move  slower,  as  the  piston  moves  faster, 
and  vice  versa.  The  shaft  [0]  which  is  below  and  corre¬ 
sponds  with  the  one  [Q]  has  a  spring  arm  [S]  similar  to  and 
corresponding  with  the  one-  [T]  before  described,  and  at  its 
lower  end  an  arm  [B’]  and  connecting  rod  [O’]  correspond- 

1309  ing  with  the  arm  [W]  and  rod  [Y]  above,  and  all  other 
corresponding  parts  to  work  the  lower  drop-cut-off  valve 
[B]  which  is  not  distinctly  represented  in  the  drawings, 
and  which  needs  not  to  be  shown,  as  all  these  parts  corre¬ 
spond  in  every  particular  with  those  above  described.  The 
sector  [P]  has  a  plate  [P’]  above  and  parallel  with 
it,  for  the  purpose  of  strength  and  to  act  as  a  guard 
for  the  spring  arms  [S,  T,].  The  face  of  the  sector  [P]  is 
provided  with  two  sets  of  teeth,  e^ch  extending  from  the 
middle  or  arms  [TJ,  U]  to  the  ends,  and  the  length  of  each 

1310  section  should  be  such  that  the  motion  of  the  spring  arms 
[S,  T]  from  one  extremity  to  the  other  shall  shift  the  posi¬ 
tion  of  the  wiper  or  arm  [Z],  so  that  when  the  arm  is  at  the 
outer  end  of  the  segment  of  teeth,  the  arm  or  wiper  shall  yi- 
brate  without  dropping  the  valve,  and  thus  act  without  the 
cut-off’,  and  by  moving  it  towards  the  middle  the  extent  of 
the  cut-off  shall  be  decreased  from  the  maximum  to  the 
minimum,  that  is  to  say,  cut  off  from  the  most  to  the  least 
portion  of  the  stroke. 

1311  It  will  be  evident  from  the  foregoing,  that  any  motion  de¬ 
rived  from  any  part  of  the  engine  may  be  substituted  for 
the  vibration  of  the  arms  or  wipers,  provided  the  character 
above  described  be  maintained,  as  for  instance,  instead  of 
the  horizontal  vibrating  motion  of  the  arm  or  wiper,  the 
spring  may  be  disengaged  from  the  stem  of  the  valve  by  a 
vertical  descending  motion  as  the  lifter  rises,  and  this  may 
be  derived  from  any  moving  part  of  the  engine  other  than 
the  lifters  or  their  rocking  shaft,  such  as  iijie  piston-rod,  the 
beam,  the  crank,  shaft,  &c. 
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What  I  claim  as  my  invention  and  desire  to  secure  by  1312 
letters  patent,  is  tripping  the. drop-valve  of  the  cut-off  by  a 
motion  independent  of  the  lifters,  sWstaiitiaily'^  Ihe  man¬ 
ner  and  for  the  purpose  herein  described. 

I  also  claim  combining  the  wiper  that  drops  the  valve  of 
the  cut-off,  whether  w’orking  horizontally  or  vertically,  'with 
any  of  the  moving  parts  of  the  engine,  other  than  the  lift¬ 
ers  or  their  rocking-shaft,  by  means  of  the  sector  and  arm 
or  arms,  by  means  of  which  the  extent  of  the  cut-off  can  be 
regulated  at  pleasure  during  the  action  of  the  engine,  from 
the  full  to  the  least  portion  of  the  stroke,  as  herein  de-1313 
scribed. 

Feedeeick  Elswoeth  Sickels. 


Chas.  M.  Kellee,  ) 

A.  P.  Beowne,  f  loesses 


The  counsel  for  the  defendants’  then  put  in  evidence  a 
duly  certified  copy  from  the  United  States  Patent  Oflice,  o: 
the  record  of  letters  patent  of  the  United  States,  granted  to 
Frederick  E.  Sickels  on  the  February,  1^52,  for  14 

years  from  that  day,  and  of  the  s^edule  and  drawings 
annexed  to  said  letters  patent,  which  schedule  was  as 
follows:  1314 

The  schedule  refen’ed  to  in  these  lettei-s  patent,  and 
making  part  of  the  same. 

To  all  whom  it  may  concern,  be  it  known  that  I,  Frede¬ 
rick  E.  Sickels,  of  the  city,  county  and  State  of  Xew  York, 
have  invented  a  new  and  improved  mode  of  tripping  cut-off 
valves,  and  I  do  hereby  declare  that  the  following  is  a  full 
and  exact  description  thereof,  reference  being  had  to  the 
accompanying  drawings,  and  to  letters  of  reference  marked 
thereon.  1315 

In  cut-offs  as  heretofore  constructed,  in  operating  the 
catch  by  the  closing  movement  alone,  the  valve  could  not 
be  tripped  until  sufiicient  motion  had  taken  place  to  ope¬ 
rate  the  whole  extent  of  the  catch,  thus  occasioning  an  un¬ 
avoidable  delay  in  tripping  the  valve. 

The  nature  of  my  invention,  therefore,  consists  in  operat¬ 
ing  the  catch  or  hold,  and  liberating  the  valves  of  trij:>  cut¬ 
offs,  on  the  movement  to  close  or  return  of  the  valve,  by 
means  of  an  adjustable  cam  or  lever,  after  it  has  been 
partially  operated  upon  on  the  opening  movement  of  the  ^ 
valve  motion,  so  as  to  leave  as  little  movement  of  the  catch 
to  effect  the  liberation  of  the  valve  as  may  be  desired,  to  be 
accomplished  by  the  return  movement,  thereby  being  en¬ 
abled  to  liberate  the  valve,  and  cut-off  the  steam  as  near  the 
first  of  the  return  movement  as  may  be  desired. 

Fig.  1,  side-view.  Fig.  2,  front-view.  A,  toe  on  the  rock- 
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1317  shaft.  foot  on  the  lifting-rod.  lifter.  Z>,  valve- 
stem.  catch-piece  on  lifter,  having  a  projection  catch¬ 
ing  under  the  socket  at  IL  J  and  are  two  arms, 
having  wedges  or  inclined  planes,  Z,  Jf,  upon  them  as 
shown  in  hgs.  3  and  4,  they  being  edge-views,  and  the  same 
letters  referring  to  the  same  parts  on  each.  Fig.  iF,  lever 
upon  which  the  arms  Zand  K connect  with  joints  at  0  and 
7^,  the  lever  itself  vibrating  upon  a  pin  at  and  being 
connected  with  an  adjusting  rod  by  a  joint  and  pin  at  B. 
Z,  an  adjusting  screw-socket,  working  on  the  adjusting  rod 

1318/8^  E.  Fig.  5  top-view  of  catch-piece  or  lever,  having  a 
projection  catching  under  the  socket  F^  at  II.  wedge- 
piece  on  having  its  inclined  plane  or  wedge-surface 
running  in  the  direction  from  1  to  2.  The  other  wedge- 
pieces,  on  the  arms  J  and  ZT,  having  their  wedge  or  inclined 
surfaces  running  as  shown  in  edge-views  of  the  arms.  Figs. 
3  and  4,  in  the  directions  from  4  to  5,  and  from  6  to  7,  one 
wedge  having  its  larger  part  downwards,  as  shown  in  Fig. 
4,  and  the  other  the  larger  part  upwards  as  shown  in  Fig.  3. 
W,  Figs.  3  and  4,  section  of  lifter,  holding  the  lower  end  of. 
the  arms  J  and  K  from  being  moved  out  of  their  proper 

1319  position  when  the  wedges  Z  and  J/ act  upon  the  catch- 
piece.  ZT,  ZT,  Figs.  3  and  4,  section  of  catch-piece  at  the 
part  where  it  is  acted  upon  by  the  wedges  Z  and  717,  its  ex¬ 
treme  end  at  that  part  being  beveled  in  the  direction  from 
8  to  9,  Fig.  1. 

The  operation  is  as  follows :  The  wedges  or  inclined 
planes  Z,  JZ,  T^,  being  in  the  position  shown  in  the  draw¬ 
ings,  (hgs.  1  and  2,)  and  the  catch-piece  Z7  moving  upward, 
in  the  opening  movement,  from  the  dotted  line  Y  to  the 
dotted  line  Z,  as  represented  in  the  drawing,  in  figs.  1,  2,  3 
and  4,  then,  as  the  catch-piece  moves  upwards,  its  inclined 

1320  ^it  8,  9,  strikes  the  face  of  the  wedge  or  inclined  plane, 
Vy  at  1,  2,  and  moves  it  in  the  direction  of  from  10  to  11, 
the  arm  ^turning  on  a  joint  at  Z^,  the  wedge  Z  moving 
out  the  catch-piece  until  it  has  reached  the  extent  of  its 
upward  movement,  and  is  about  to  return,  the  projection  on 
the  catch-piece  being  then  under  the  socket,  as  shown  in 
fig.  5,  and  the  end  of  the  catch-piece  being  in  the  position 
shown  by  red  lines  12,  13,  figs.  3  and  4.  The  wedge  M 
now  moves  back  under  the  end  of  the  catch-piece,  the  arm 
ZT turning  on  the  pin  at  Z*,  and  being  actuated  by  a  ball  or 

1321  weight,  and  on  a  horizontal  extension  of  the  arm  IT,  now  by 
the  first  of  the  return  movement  the  catch-piece  passes  over 
the  larger  part  of  the  wedge  J7,  and  is  thereby  entirely 
moved  out  from  under  the  socket,  and  the  valve  attached 
to  the  valve-stem  is  permitted  to  close. 

By  turning  the  adjusting  screw-socket  77,  so  as  to  lower 
the  wedge  Z,  and  raise  the  wedge  J7,  the  catch-piece  would 
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be  further  moved  out  from  under  the  socket  by  the  opening  1322 
motion,  and  leave  less  to  be  accomplished  by  the  retm’n 
motion,  thereby  cutting  off  the  steam  nearer  the  fii'st  of  the 
return  movement,  and  by  turning  the  adjustable  socket  so 
as  to  raise  the  wedge  Z,  and  lower  the  wedge  JZ,  the 
upper  movement  would  operate  the  catch-piece  less,  and 
the  downward  movement  more,  thereby  cutting  the  steam 
off  farther  from  the  first  of  the  return  movement.  Pig.  6 
represents  in  pei’spective  a  portion  of  the  two  arms  Z,  ZT, 

^vith  their  wedges  or  inclined  planes,  Z,  JZ,  V,  and  the 
catch-piece  Z’,  detached  fi’om  the  other  parts  of  the  appa-1323 
ratus. 

Having  thus  fully  described  my  invention,  what  I  claim 
therein  as  new,  and  desire  to  secure  by  Letters  Patent,  is 
operating  the  catch  or  hold,  and  liberating  the  valves  of 
cut-offs,  on  the  movement  to  close  or  return  motion  of  the 
valve,  after  it  has  been  partially  operated  upon  in  opening, 
substantially  in  the  manner  as  herein  described,  so  as  to 
leave  as  little  of  the  catch  to  be  operated,  to  effect  the 
liberation  of  the  valve,  as  may  be  desffed  to  be  accomplish¬ 
ed  on  the  retm’n  movement,  thus  beiuc^  enabled  to  liberate 
the  valve,  and  cut  off"  the  steam  as  near  the  first  of  the  re- 1324 
tiu’n  movement  as  may  be  desired. 

Frederick  E.  Sickels. 


A.  B.  Stoughtox, 
•Tas.  S.  Ewbaxk, 


i 


\ 


Witnesses. 


(^The  counsel  for  the  plaintiffs  in  due  time  objected  to  the  in¬ 
troduction  in  evidence  of  both  or  either  of  the  said  Letters 

Patent  granted  to  said  Sickels  severallv  in  1845  and  1852, 

€ 

but  the  objection  was  overruled  by  the  Com’t.) 

The  counsel  for  the  defendants  then  put  in  evidence  a 
duly  certified  copy  fi’om  the  United  States  Patent  Office  of 
a  caveat  filed  therein  by  Frederick  E.  Sickels  on  the  14th  1325 
of  January,  1842,  and  of  the  file  belonging  to  said  caveat, 
and  of  a  letter  from  said  Sickels  to  tbe  Commissioner  of 
Patents,  dated  April  19th,  1844,  of  which  caveat,  file  and 
letter  the  following  are  copies : 

To  THE  CoMMISSIOXER  OF  PATENTS  : 

The  petition  of  Frederick  Ellsworth  Sickels,  of  the 
City,  County  and  State  of  Aew  York,  respectfully 
represents — 

That  he  has  made  certain  improvements  in  the  mode  of 
cutting  off  steam  in  the  operation  of  steam-engines,  and  is 
now  engaged  in  making  a  model  to  show  the  principles  of 
the  invention,  preparatory  to  his  applying  for  Lettei's  Patent 
therefor. 

He  therefore  prays  that  the  subjoined  description  of  his 
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1326  invention  may  be  filed  as  a  caveat  in  the  confidential 
acrhives  of  the  Patent  office  agreeably  to  the  provisions  of 
the  act  of  Congress  in  that  case  made  and  provided,  he  hav¬ 
ing  paid  twenty  dollars  into  the  Treasury  of  the  United 
States,  and  otherwise  complied  wifh  the  requirements  of 
•said  act. 

New  Yoek,  Jan.  11,  1842. 

Fig.  1,  (1st  drawing)  is  a  view  of  the  contrivance  for  trip¬ 
ping  the  valve-stem  B  loose  from  the  lifter  C.  The  spring 
A  keeps  under  the  feathers  D  fastened  to  the  valve- 
stem  whilb  the  lifter  is  rising,  thereby  compelling 
the  valve  to  rise  also.  As  the  end  of  the  spring  at  E  j)asses 
the  face  of  the  wedge  F\\>  is  crowded  in  as  the  face  of  the 
wedge  from  from  G  io  H  slopes  in,  that  is  towards  the 
screw  1.  After  the  edge  of  the  spring  A  at  A"  has  arisen 
above  the  edge  of  the  wedge  A"  at  AT,  it  regains  its  former 
position ;  its  edge  at  A’  is  a  little  ontside  of  the  wedge  at  AT. 
Now  as  the  lifter  descends,  the  edge  of  spring  at  E  travers¬ 
es  the  inclined  plane  from  AT  to  A  of  the  wedge  A’;  the  spring 
is  by  this  means  forced  from  under  the  feather  A),  thereby 

1828  the  valve  to  drop.  There  is  another  wedge  like 
Eon  the  other  side  to  force  out  the  other  arm  X  of  the 
spring  A  from  under  the  other  feather  If  it  is  required 
that  tlie  piston  shall  complete  a  greater  portion  of  the  stroke 
before  the  cut-off  acts,  the  piece  K  having  two  wedges  at¬ 
tached  is  moved  down  on  the  plate  A,  which  plate  A  is  fast¬ 
ened  to  the  bonnet  M.  If  the  piston  is  to  perform  a  less 
portion  of  the  stroke  when  the  cut-off*  acts,  the  piece  K  is 
turned  over  so  that  the  edge  G  of  the  wedge  F  is  upon 
the  other  side  ;  it  is  again  put  on  the  plate  A  and  moved 

1829  lc>wer  down,  where  it  is  held  by  the  clamp-screw  which 
screw  passes  through  the  slot  and  has  a  collar  and 
thumb  piece  on  the  other  side.  1st  drawing,  fig.  2,  is  a 
view  of  the  contrivance  for  preventing  the  valve  from  slam¬ 
ming,  as  it  would  appear  if  cut  through  the  middle  longi¬ 
tudinally  and  one  half  only  seen.  A  is  a  reservoir  two 
thirds  full  of  water,  bolted  fast  to  the  steam-chest  under  the 
steam-valve.  A  is  a  continuation  of  the  valve-stem  B  in 
Fig.  1,  passing  through  the  steam-chest  and  attached  to  a 

1380  plunger,  (7.  A>  is  a  reservoir  placed  inside  of  the  reservoir 
A,  and  is  susceptible  of  being  moved  up  or  down  by  means 
of  the  stem  A>,  which  passes  through  a  stuffing-box  at  A, 
screws  through  the  stuffing-nut  at  F  und  also  through  the 
jam-nut  G.  By  turning  the  stem  E  with  a  wrench  on  at  AT, 
the  stem  E  rises,  and  with  it  also  the  reservoir  B.  As  the 
stem  E  descends  through  the  water,  it  suffers  more  resist¬ 
ance  the  nearer  it  approaches  the  bolts  of  the  reservoir  A7, 
in  consequence  of  the  bottom  of  the  reservoir  being  more 
contracted  than  the  top,  and  consequently  leaving  less  room 
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for  the  water  to  escape.  By  raising  the  reservoir  D  the  1331 
resistance  to  the  plunger  C  is  increased,  which  provision  is 
necessary  to  suit  the  height  from  which  the  valve  is  trip¬ 
ped  ;  if  it  is  found  necessary,  a  glohe-cock  may  be  used  to 
keep  up  a  proper  supply  of  water,  and  also  a  cock  may  be 
used  to  let  off  the  surplus  water  that  may  be  formed  by  the 
condensation  of  the  steam.  Drawing  Xo.  2,  Fig.  1,  plan  for 
a  cut-off'  arranged  for  the  top  valve  of  single  valve  engines. 

There  is  about  four  inches  cut  out  of  the  lifting-rod  to 
which  the  top  steam-lifter  is  attached  at  about  one  foot  from 
the  lower  bearer  on  the  top  steam-chest  as  represented  by  1332 
the  dotted  lines  at  P  ;  the  foot  Q  is  keyed  on  the  upper  por¬ 
tion  of  the  liftino’-rod  and  extends  down  over  the  lower 

o 

portion  when-  the  valves  are  all  down ;  the  feathei’s  D  D 
are  fastened  to  the  lower  portion  of  the  lifting-rod  and  come 
in  contact  with  the  under  side  of  the  spring  A ;  the  top  side 
passes  under  the  foot  -P,  but  as  here  shewn,  has  been  forced 
out  from  under  by  wedges  in  the  manner  before  described 
in  drawing  Xo.  1,  sufficiently  to  allow  the  foot  and  upper  por¬ 
tion  of  the  lifting-rod  to  descend  with  the  upper  steam- 
valve  and  by  this  means  cutting  off'  the  steam.  When  the  1333 
lower  portion  of  the  lifting  rod  commences  to  raise,  the  up¬ 
per  portion  is  raised  by  it,  the  springs  then  being  under  the 
foot  so  as  to  come  in  contact  with  the  feathers  D  7),  and  are 
only  forced  out  in  the  position  represented  when  the  cut-off* 
acts.  The  rod  P  keyed  to  the  foot  Q  at  X,  is  fastened  to 
another  rod  F,  by  means  of  an  adjusting  socket  at  which 
rod  passes  through  a  stuffing-box  at  IF  into  a  reservoir  A", 
and  is  connected  to  a  plunger,  represented  by  dotted 
lines.  The  adjusting  socket-joint  at  T  serves  to  raise  and 
lower  the  plunger  Y.  thereby  altering  the  resistance  as  be- 1334 
fore  described  in  drawino-Xo.  1. 

Drawing  2,  Fig  2,  C  is  a  lifter  keyed  to  a  tube  P,  Avhich 
extends  to  the  middle  bearer  attached  to  the  side  pipes 
above,  and  four  indies  below  the  first  bearer  under  the 
steam-lifter.  Tlie  lifter  with  the  tube  attached  is  disconected 
from  the  lifting-rod  as  the  spring  A  is  forced  out  from  under 
the  two  feathers  D  represented  by  dotted  lines,  which 
feathers  are  fastened  to  the  lifting-rod  Q ;  the  springs  are 
forced  out  from  under  the  feathers  as  before  described  in 
(frawing  Xo.  1.  1335 

TF  and  P  are  rods  which  serve  to  connect  to  a  dasher  in 
the  reservoir  there  beinu'  a  stuffino;-box  on  the  under 
side  of  the  reservoir  wliere  the  rod  passes  through.  V 

1st.  What  1  claim  is  using  a  reservoir  of  water  and  a  J 
plunger  to  prevent  the  valve  from  slamming. 

2d.  The  tripping  of  the  valve-stem  loose  from  the  lifter  J 
at  any  portion  of  the  stroke  of  the  piston. 

3d.  The  tripping  of  the  lifter  loose  from  the  rod.  ^ 
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1336  4th.  Tripping  one  portion  of  the  lifting-rod 
the  other. 

Caveat. 

Fredk.  E.  Sickels, 

New  York. 

(Jut-oft*  valve  for  steam-engines.' 


Fredk.  E.  Sickels, 
Town  of  New  York, 
County  of  do., 
State  of  do. 


Cut-off  valve  of  steam-engines. 
Tlec’d  Jany.  14,  1842. 

Cash,  $20  pd. 


loose  from 


Another  drawing,  which  was  on  file,  arranged  for  double 
1337  valve,  was  delivered  to  Mr.  Cook  Mav  23,  1844. 

A.  L.  McI. 


Drawing  of  the  single  valves  deliv’d  to  Mr.  Cook 
letter  shown  me  by  Mr.  C. 


A.  L.  Mclntire. 


on 


New  York,  April  19th,  1844. 
Hon.  Heney  L.  Ellswouth  : 

Dr.  Sir, — Will  you  please  permit  Mr.  Truman  Cook,  the 
bearer  hereof,  to  have  the  drawing  of  my  patent  cut-otf 
which  was  deposited  with  a  caveat,  I  think,  in  the  month  of 
March,  1842,  and  much  oblige 

Yr.  obt.  servt, 

13;^S  /  Fredeeick  E.  Sickels. 

The  counsel  for  the  defendants  then  offered  to  show  thal^ 
an  apparatus  substantially  identical  with  that  described  in 
the  said  letters  jiatent  granted  to  Frederick  E.  Sickels  on 
the  20th  of  May,  1 842,  and  covered  by  the  first  specifica¬ 
tion  of  claim  in  said  letters  patent,  and  an  apparatus  sub¬ 
stantially  identical  with  that  described  in  the  said  last  named 
letters  patent  and  covered  by  the  second  specification  of 
claim  therein,  had  been  successfully  used  on  board  the 
steamboat  South  America  running  from  New  York  to  Al- 
1339  bany  in  April,  1841. 

The  counsel  for  the  plaintiffs  objected  to  the  introduction 
of  the  evidence  so  offered. 

The  Court  decided  that  the  evidence  Avas  admissible  so 
far  as  it  might  be  brought  to  bear  upon  the  question  of 
identity  or  non-identity  between  the  two  several  apparatus 
of  the  plaintiffs  and  the  tAvo  several  apparatus  of  the  de- 


fendants,  but  that  it  could  not  be  introduced  to  afiect  the  1340 
validity  of  the  patent  to  Sickels. 

The  plaintiffs’  counsel  excepted  to  the  decision  of  the 
Court. 

The  counsel  for  the  defendants  then  read  in  evidence  the 
deposition  of  JRobert  Bdbinson^  taken  on  direct  examina¬ 
tion  before  Joseph  S.  Pitman,  United  States  Commissioner, 
at  Providence,  Pliode  Island,  May  11th,  1853,  and  on  cross- 
examination  before  Joseph  Bridgham,  United  States  Com¬ 
missioner,  at  Xew  York,  May  12th,  1853,  which  deposition, 
without  the  dra winces  referred  to  therein  and  annexed  there- 1341 
to,  was  as  follows  : 

I,  Robert  Robinmn.  of  tlie  City,  County  and  State  of 
Xew  York,  being  duly  sworn  according  to  law,  on  oath  de¬ 
pose  and  say  : 


Id  Question  by  T.  A.  Jejtckes^  Esq.,  for  the  Defendants. 


1.  What  is  your  residence  and  occupation  i 

A.  My  residence  is  in  Yew  York ;  my  occupation  is  an 
engineer;  I  am  now  chief  engineer  of  the  United  States  1342 
mail  steamship  Baltic. 

'2.  Where  were  yon  employed  in  years  1840  and  1841 ; 
and  in  what  capacity  ? 

A.  I  was  employed  in  the  Phenix  Foundry,  in  Yew 
York,  owned  then  by  James  Cunningham,  in  the  capacity 
of  an  apprentice  at  steam-engine  building ;  I  was  an  appren¬ 
tice  there  from  1835  to  1842. 

3.  While  you  were  employed  there,  did  you  know  of  the 
construction  of  a  tripping  apparatus  for  a  drop  cut-off*  for 

the  steamboat  Balloon,  and  if  so,  when  was  it  made,  and  1343 
was  iPpac^d  'lipT5irsaid  boat ;  and  if  not,  why  not  ? 

A.  I  did  know  of  the  construction  of  such  apparatus ;  1 
am  not  positive  when  it  was  made  ;  it  was  either  in  the  year 
1839  or  1840  ;  it  was  not  placed  on  said  boat,  on  account 
of  there  not  being  sufficient  time,  as  the  boat  was  chartered 
by  Capt.  Woolsey,  and  taken  from  the  Yorth  Eiver,  before 
the  work  for  the  cut-off*  was  completed. 

4.  Do  you  know  of  the  construction  of  a  drop  cut-off  for 
the  steamer  SoutlvAmei-ica,  at  Cunningham’s  Foundry? 

A.  Uclo  know  that  there  was  a  drop  cut-off*  made  at  the  1344 
Phenix  Foundry,  and  put  on  the  steamboat  South  America. 

5.  Did  you  work  upon  tliat  engine  and  tliat  cut-off*? 

A.  I  did  work  while  tlie  engine  was  being  fiitted  in  the 

c?  47^ 

boat. 

6.  When  was  the  tripping  apparatus  for  that  cut-off*  com¬ 
menced  ? 
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A.  In  18^ in  the  month  of  April,  the  engine  was  fin¬ 
ished. 

8.  Will  you  describe  the  tripping  apparatus  as  it  was 
constructed  and  placed  on  that  boat  ? 

/  A.  The  valve  was  raised  in  the  ordinary  way  by  a  lifting 
I  rod  and  a  lifter,  and  was  tripped  by  a  cam  or  inclined  plane 
^  connecting  with  a  slide,  operating  on  the  valve  stem.  The 

1346  slide  was  constructed  in  the  shape  of  a  fork  which  was 
1  drawn  out  of  slots  on  the  valve  stem  ;  that  is  the  way  the 
,  valve  was  tripped. 

9.  What  contrivance  was  first  used  for  checking  the  de¬ 
scent  of  the  valve  ? 

A.  A  spiral^ring  was  used^n  the  lower  end  of  the 
valve  stem.  ' 

10.  Did  this  answer  the  purpose  ? 

A.  It  did  not — on  account  of  the  falling  of  the  valve 
breaking  the  spring. 

11.  What  was  used  next,  and  with  what  result? 

1347  A.  Leather  washers  were  next  used,  and  did  not  answer 
the  purpose. 

12.  What  was  then  tried,  and  in  what  manner,  and  with 
what  success  ? 

A.  A  cylinder  was  then  trjed  withj;ir;  there  was  a  pis¬ 
ton  in  M^^linder  secured  tcTthe  valve  stem,  with  an  in¬ 
ternal  and  external  valve  on  the  bottom  of  the  cylinder ; 
also  a  cock  fastened  to  the  cylinder  between  one  and  two 
inches  from  the  bottom  ;  that  did  not  answer  the  purpose. 

13.  What  was  the  difficulty  in  this  last  arrangement? 

48  A.  It  could  not  be  adjusted  so  as  to  prevent  the  valve 

from  falling  heavily. 

14.  How  many  trials  were  made  of  this  air  cylinder  ? 

A.  I  should  think  there  were  two  trials  made  with  steam 

on  the  engine. 

15.  What  was  next  used  and  in  what  manner? 

^  A.  W ater  was  next  used  in  the  cylinder,  with  a  conical 
plunger ;  that  did  not  succeed,  as  the  water  was  not  con¬ 
fined  in  the  bottom  of  the  cylinder. 

1349  16.  Were  any  alterations  made  in  the  cylinder  for  the 

use  of  water,  and  if  so,  what  were  they,  and  how  did  they 
y  operate  ? 

A.  The  cones  or  conical  plungers  were  taken  out  and 
made  parallel,  which  perfected  the  dropping  of  the  valve, 
by  using  water. 

17.  Were  any  alterations  made  in  the  bottom  of  the  cyl¬ 
inder,  and  if  so,  what  ? 

A.  The  bottoms  of  the  cylinders  were  tak^n  off,  and  cups 
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inserted  in  the  bottom  to  fit  the  parallel  plunger ;  the  cups  1350 
were  arranged  so  that  they  could  be  adjusted  at  any  time 
Avith  a  screw  through  the  cylinder  bottom  and  so  regulate 
the  cups  and  prevent  the  valve  from  falling  heavily. 

18.  Were  these  changes  made  before  or  after  the  boat 
commenced  her  regular  trips  ? 

A.  They  were  all  made  before  the  boat  commenced  her 
regular  trips. 

19.  By  whom  were  the  drawings  and  plans  of  this  cut-off 
made  ? 

A.  They  were  made  by  MlxThoggr-—-  1351 

20.  Who  WST' employed  in  constfuctins:  and  setting  up 
this  cut-off? 

A.  I  was  employed  in  constructing  and  setting  up  the 
cut-off  under  the  direction  of  Mr.  Hogg.  Others  were  em¬ 
ployed  with  me — one  of  them  was  named  George  Birk- 
beck. 

21.  When  the  boat  started  upon  her  regular  trips  were 
any  persons  sent  from  Cunningham’s  shop  to  watch  the 
worlang  of  the  engine,  and,  if  so  what  persons  ? 

A.  Myself  and  George  Birkbeck  were  so  sent. 

22.  How  did  the  cut-off  work  on  those  ti’ips  ?  1352 

A.  It  appeared  to  work  well  as  we  had  no  alterations  to 

make  on  the  cut-off  and  had  no  orders  to  do  so. 

23.  Where  was  the  cylinder  placed  ? 

A.  Directly  below  the  steam- valve,  fastened  to  the  steam- 
chest  ? 

24.  Did  steam  escape  at  any  time  into  the  cylinder? 

A.  I  never  saw  any  leakage  from  the  valve  stems.  One 
could  not  see  inside  of  the  cylinder. 

25.  Do  you  remember  of  water  being  applied  to  the 

cylinder  for  any  purpose  ?  1353 

A.  I  remember  water  being  applied  to  the  outside  of  the 
cylinder,  to  condense  the  steam  said  to  be  in  the  cylinder. 

I  was  told  that  it  was  there.  I  couldn’t  see  it.  I  was  told 
so  by  Mr.  Hawes,  then  engineer  of  the  People’s  line  of 
steamboats  in  which  line  the  South  America  was  running. 

26.  On  what  trip  was  this  ? 

A.  On  the  trial  trip  to  Piermont,  in  AprtLlS41.— 

2  7.  How  many  regular  trips  of^rtTe^Boarwere  you  upon 
after  her  first  starting  ? 

A.  I  should  think  I  was  on  four  regular  ti^ps.  I  mean  by  1354 
a  trip,  from  Hew  York  to  AThanv  ancF  retiirning. 

28.  On  what  trip  did  the  South  America  break  down? 

A.  She  broke  dovni  on  her  fifth  trip,  the  one  after  1 

left  her. 

29.  On  what  day  did  she  break  down,  and  how  do  you 
fix  the  date  ? 

A.  She  broke  down  on  Saturday,  I  thinks  the  24th  of 
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,  <1 
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1355  April,  1841.  I  fix  the  date  by  seeing  it  advertised ;  I  don’t 
^'"T^oflectnow  in  what  paper.  I  saw  the  advertisment  the 

2d  or  3d  of  May:,J_8^3. 

30.  Was  this  cnt-off  injured  at  the  time  of  breaking 
down? 

A.  'Not  to  my  recollection. 

31.  Were  you  employed  in  repairing  the  engine  after  the 
break  down  ? 

A.  I.  was  employed  in  repairing  the  bed-plate  and  con¬ 
denser. 

1356  32.  Did  you  go  to  Albany  in  her  for  the  purpose  of 
Avatching  the  operation  of  the  engine  after  it  Avas  repaired  ? 

A.  I  have  no  recollection  of  doing  so. 

33.  How  long  did  this  cut-off  remain  in  use  on  the  South 
America  ? 

A.  It  remained  to  the  best  of  my  knoAvledge  about 
five  years? 

~'34.  vYas  any  alteration  made  in  it  to  your  knOAvledge? 
A.  Hot  to  my  knoAAdedge. 

35.  Will  you  noAV  make  drawings  from  your  recollection 
of  the  cylinder  as  used  with  air  and  Avater  for  the  purpose 

1357  of  checking  the  descent  of  the  valves  on  the  South  Amsrica 
and  describe  Avhat  those  draAvings  represent  ? 

A.  I  Avill  do  so.  (The  drawings  hereto  annexed  marked 
\  A,  AA^ere  here  prepared  by  the  witness.)  Fig.  1,  represents 
\  the  air-cylinder,  Avith  piston,  A^alves,  and  cock,  lever,  &c. 

I  Fig.  2,  represents  the  Avater  cylinder,  conic  plunger,  adjust¬ 
able  cup,  &c.,  as  used  first  after  the  air  cylinder.  Fig.  3, 
represents  the  cylinder  as  finally  used.  The  difficulty  Avith 
Ho.  2.  AAns  that  the  Avater  was  not  confined  in  the  bottom  of 
13p8  the  cylinder.  We  then  bored  out  the  loAver  cup  in  the  cyl 
/  inder  so  that  its  sides  Avere  parallel ;  Ave  reversed  the 
■  plunger  on  the  A^alA^e-stem  and  made  it  to  fit  the  lower  cup 
in  the  cylinder,  by  a  piece  of  boiler-plate  on  the  lower  side 
of  the  plunger. 

36.  Was  there  aiiA"  difficultA^  in  its  Avorking  after  this  last 

•y  t'  C? 

change  ? 

A.  There  Avas  not  aiiA^  difficultA".  It  Avas  considered  fin- 
ished  perfect. 

37.  What  person  made  these  last  alterations  and  under 
1359  AAFose  direction  ? 

A.  Mr.  Hogg  ordered  the  alterations  made.  Myself  and 
j  others  did  the  Avork.  I  recollect  putting  that  ])oiler-plate 
*  on  and  assisting  in  all  the  alterations. 

38.  Were  or  Avere  not  all  these  alterations  made  before 
the  South  Aonerica  broke  down  ? 

A.  They  Avere  all  made  before. 

39.  WSFTBL^‘^“made"nh efor e  she  started  on  her  first 
regular  trip  in  the  People’s  line  ? 
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A.  Yes,  they  were  all  made  pre^doiis  to  her  taking  her  1360 
place  at  the  wharf  in  the  People’s  line. 

Kobert  Robinson. 

Taken  de  hem  es^e  at  the  request  of  the  defendants  in  ^ 
the  cases  of  Wm.  B.  Sickels,  et  al.  m.  Youngs  and  Cutter,  ;  • 
and  same  m.  The  Gloucester  Manutacturing  Company,  now 
pending  in  the  P.  S.  C.  Court  for  the  Southern  District  of  / 
j^ew  York,  and  sworn  to  and  subscribed  before  me  this 
eleventh  day  of  May,  A.  D.,  1853,  at  Providence  in  the 
Distilct  of  Rhode  Island. 

Joseph  S.  Pitman,  j  ^ 

U.  S.  Commissioner  for  the  R.  I.  District,  f 


{The  loitness  being  ci'oss-examined  hy  Mr.  Dickerson  on  the 

jyart  of  the  Comjplainantsi) 


1.  Do  you  use  Sickels’  cut-off  on  board  of  the  Baltic  f 
A.  We  do. 

2.  Do  you  not  think  it  a  very  valuable  improvement  i 
A.  I  do,  over  the  old  cut-off. 

3.  About  how  much  fuel  will  it  save  over  the  old  cut¬ 
off? 

A.  I  cannot  say,  as  I  have  never  used  the  old  cut-off. 

4.  Was  the  cut-off"  appai’atus  which  was  constructed  for 
Xh^  Befloon  in  1840,  put  on  to  her  at  any  time  ? 

■  It  was  hot,  oh*  account  of  not  having  sufficient  time. 
The  boat  was  chartered  and  sent  away  from  the  North 
Biver  before  the  cut-off"  was  finished. 

5.  Was  it  not  put  on  her  afterwards  i 
A.  I  cannot  sav. 

6.  How  long  was  it  after  you  fii'st  had  steam  on  thexShw/^ 

America.^  before  vou  started  on  your  trips  to  Albanv,  April 
24th,  4841  ?  ' 

A.  We  had  steam  on  the  engine  three  or  four  different 
times  :  I  camiot  sav  how  long  after  we  had  steam  on  that  we 


stalled. 

7.  Did  you  have  steam  on  her  as  many  as  live  times  { 

A.  I  should  think  we  had,  I  cannot  say  positively. 

8.  Did  you  make  any  trial  trips  before  the  24th  April, 
and  if  so  how  many  ? 

A.  We  made  three  or  four  trial  trips  previous  to  24th 
April. 

9.  How  made  times  did  you  have  steam  up  besides 
those  trial  trips. 

A.  Two,  probably,  or  three ;  can’t  say  positively. 

10. '  Was  the  engine  hooked  on  and  worked  at  the  dock  on 
those  occasions? 

A.  It  was  to  ti’v  the  cut-off. 
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1364  11.  Where  was  the  spiral  spring  placed  on  the  valve- 
stem  ? 

A.  The  spring  to  prevent  the  valve  from  falling  heavily, 
was  placed  on  the  lower  end  of  the  valve-stem ;  the  spring 
was  enclosed  in  a  socket  which  was  ontside  of  the  valve- 
chest. 

12.  Was  the  steam  aronnd  the  spring,  and  in  contact 
with  it  ? 

A.  It  might  have  been,  as  there  was  a  stuffing  box  at  the 
lower  end  of  the  valve  stem — can’t  tell  if  the  stuffing  box 
leaked  or  not. 

1365  13.  How  many  times  did  you  try  with  this  spring? 

A.  Once  or  twice. 

14.  Did  you  try  twice  ? 

A.  I  should  say  we  did. 

15.  Did  you  try  the  spring  on  the  trial  trips,  or  any  of 
them  ? 

A.  Hot  that  I  recollect. 

16.  How  many  times  did  you  try  leather  ? 

A.  Once,  I  think,  and  then  took  it  off. 

17.  Was  that  on  a  trip  ? 

A.  I  cannot  say  positively.  I  think  it  was  along  side  the 

1366  wharf. 

18.  Did  you  put  on  the  air  cylinder  as  soon  as  you  took 
the  leather  off? 

A.  I  think  that  was  the  next  experiment  tried. 

19.  How  long  after  the  leather  experiment  was  it,  when 
you  tried  the  air  ? 

A.  I  cannot  say  the  exact  time,  as  soon  as  the  cylinder 
and  the  piston  for  the  cut-off  could  he  made. 

20.  How  many  times  did  you  try  air? 

A.  I  recollect  making  one  trial  trip  with  air,  and  once 

1367  previous  to  that. 

21.  What  was  the  weighted  valve  in  the  bottom  of  the 
air  cylinder  used  for  ? 

A.  To  allow  the  air  to  escape  from  under  the  piston. 

22.  Did  that  valve  open  as  the  piston  descended? 

A.  It  did  open  as  the  piston  descended. 

23.  What  was  the  stop  cock  for  in  “figure  1,”  annexed  to 
direct  examination  ? 

A.  It  was  put  in  to  answer  the  purpose  of  a  lower  escape 

1368  valve,  before  putting  in  the  escape  valve. 

24.  How  many  times  did  you  try  with  the  stop  cock  ? 

A.  Hot  more  than  once  or  twice,  I  can’t  say  positively. 

25.  Why  did  not  that  work  ? 

A.  It  allowed  the  valve  to  fall  heavily  on  its  seat  making 
a  great  noise. 

26.  Would  it  do  so  if  it  were  shut  nearlv  close  ? 

t/ 

A.  At  times  it  would ;  as  the  steam  varied,  the  cock 
would  require  to  be  closed  and  opened. 
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27.  Did  it  work  well  with  some  pressures  ?  1369 

A.  The  owners  were  not  satisfied  with  the  valves  at  any 

time,  with  air. 

28.  Did  it  work  better  with  the  weighted  valve  i 
A.  Xot  that  I  recollect. 

29.  W as  there  any  difierence  in  their  mode  of  operation '( 

A.  There  was  not. 

30.  Did  you  see  Mr.  Hogg  make  the  drawings  of  this 
cut-ofi*  ? 

A.  I  did  not.  I  never  saw  them  till  they  were  sent  in 

t, 

the  shop. 

31.  Who  made  the  drawings  for  “figure  2,”  annexed  to  1370 
youi’  direct  examination  ? 

A.  I  think  Mr.  Hogg. 

32.  Was  there  anew  cylinder  for  “figure  2f’ 

A.  Ho,  merely  a  new  bottom. 

33.  Was  that  bottom  made  at  the  same  time  that  the 
cylinder  was,  or  afterwards  ? 

A.  The  bottom  was  made  after  they  tried  the  air  in  the 
cylinder? 

34.  Did  the  bottom  of  the  plunger  of  “  figure  2’’  cor¬ 
respond  with  each  other  in  shape  so  as  to  fit  one  another  ? 

A.  Yes,  nearly  so.  1371 

35.  Did  not  the  plunger  then  shut  up  the  bottom  when  it  i 

was  in  it  ?  ' 


A.  It  did  when  they  'were  in  contact,  but  did  not  prevent , 
the  slamming  of  the  valve,  as  it  threw  the  water  out  of  the 
lower  cup. 

36.  Did  not  the  plunger  as  it  descended  gradually  close 
the  lower  cup,  and  gradually  diminish  the  escape  room  for 
the  water  ? 

A.  It  did ;  but  as  the  cup  was  of  a  conical  shape,  it  did 
not  arrest  the  valve  in  proper  time.  1372 

37.  Are  not  the  cups  on  the  Baltic  conical  shaped  ? 

A.  They  are  not ;  they  have  parallel  sides. 

38.  Is  not  the  plunger  conical  shaped  where  it  enters 
the  cuj)  ? 

A.  Ho,  it  is  quarter  round  on  the  lower  end  of  the  water 
plunger. 

39.  Is  it  not  smaller  wliere  it  first  enters  the  cup  than  it 
is  where  it  finally  stops  ? 

A.  Yes,  it  is  a  fraction  smaller ;  probably  the  sixteenth 
or  eighth  of  an  inch.  13  <3 

40.  Does  it  make  any  ditference  in  the  principle  or  opera¬ 
tion  of  the  dashpot  whether  the  ciq)  is  tapering,  and  the 
piston  cylindrical,  or  whether  the  piston  is  tapering  and  the 
cup  cylindrical  ? 

A.  I  never  saw  it  tried,  1  should  think  it  would  make  no 
difference. 

41.  Was  the  air-piston  fitted  tight  to  the  cylinder  ? 
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1374  A.  It  was  a  loose  lit  so  tliat  it  could  be  moved  in  the 
cylinder  by  hand. 

42.  How  many  times  was  the  ‘‘  No.  2”  aiTangement  tried 
before  you  tried  “  No.  3 

A.  It  might  have  been  tried  twice,  1  could  not  say  posi¬ 
tively. 

43.  Was  the  cylinder  in  all  these  operations  tight,  so  that 
it  confined  the  steam  if  any  leaked  into  it  out  of  the  chest? 

A.  Yes;  all  except  the  one  with  the  valves  in  the  bot¬ 
tom  ;  I  cannot  say  whether  the  bottom  was  tight  or  not. 

1375  44.  Did  you  never  make  a  trip  to  Albany  with  “  No.  2  ?” 

A.  I  never  did. 

45.  Are  you  perfectly  certain  that  this  bottom  was  put 
into  the  cylinder  before  you  went  to  Albany  ? 

A.  I  am ;  as  the  valve  made  a  good  deal  of  noise  until 
that  bottom  was  put  in. 

46.  By  what  circumstance  can  you  recollect  that  the 
l)ottom  was  put  in  before  you  went  to  Albany  ? 

A.  The  bottom  in  “  figure  3”  is  the  same  bottom  as  was 
in  fi^re  2,”  the  insides  being  made  parallel. 

47.  Is  there  no  other  circumstance  but  that  by  which  you 

1376  fix  this  date  of  putting  in  this  bottom  ? 

A.  I  recollect  I  was  told  by  Mr.  Hogg  to  take  the  lower 
cups  out,  and  have  them  bored  parallel,  reverse  the  plunger 
on  the  valve-stem,  and  put  a  piece  of  boiler  plate  on  the 
lower  side  of  the  plunger,  and  put  it  together  again.  1 
recollect  the  circumstance  as  I  was  told  to  do  this  myself. 

48.  How  do  you  recollect  that  you  was  told  to  do  this 
before  the  boat  went  to  Albany  ? 

A.  Because  everything  else  that  was  tried  allowed  the 
valve  to  drop  heavily  on  its  seat ;  after  the  last  operation  in 

1377  figure  3  the  valve  came  down  gradually,  and  all  parties 
concerned  seemed  to  be  satisfied  with  that  arrangement. 

49.  How  do  you  know  that  figure  2  was  made  before  you 
went  to  Albany  ? 

A.  I  know  that  I  made  the  first  three  or  four  trips  in  the 
boat,  and  she  never  made  a  trip  to  Albany  till  the  drop 
was  arranged  to  drop  easily. 

50.  When  it  was  arranged,  was  it  not  considered  a  very 
valuable  invention  ? 

A.  Yes,  it  was  something  new,  and  was  supposed  to  be 

1378  very  economical  for  fuel. 

51.  Was  this  the  opinion  of  Hogg  &  Oimningham  ? 

A.  I  never  heard  them  express  an  02:)inion.  I  have  heard 
others  whom  I  suppose  knew  about  those  matters. 

52.  Did  Mr.  Hogg  claim  to  be  the  inventor  at  that 
time  ? 

A.  He  made  the  drawings  for  the  cut-ofi',  and  it  was 
called  Hogg’s  cut  ofi‘.  I  never  heard  him  say  he  was  the 
inventor. 
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53.  By  what  name  is  this  cut-oft*  known  now  ?  1379 

A.  It  is  now  called  Sickels’  cut-off. 

54.  Did  you  at  that  time  hear  any  one  connected  with 
(hmningham’s  foundry  claim  to  he  the  inventor  of  it  ? 

A.  I  heard  Cunningham  andlloggsay  they  were  making 
something  new ;  I  never  heard  them  claim  to  he  the  in¬ 
ventors  of  it. 

55.  Do  you  know  who  is  the  inventor  i  ^ 

A.  I  do  not ;  I  always  supposed  it  lay  hetween  Cunning¬ 
ham,  Hogg,  Sickels,  and  others, 

56.  Was  there  ever  air  used  in  Ao.  2  oj*  No.  3  i  1380 

A.  It  might  have  heen  on  Ho.  3  just  to  experiment  with 

p]-evious  to  getting  on  steam  ;  I  don’t  think  it  was  ever  used 
on  Ho.  2. 

57.  Can  air  he  successfully  used  in  a  dash-pot  constructed 
as  Sickels  usually  makes  them  ^ 

A.  I  never  saw  it  used  successfullv  on  one  of  Sickels’ ;  I 
cannot  say  whether  it  could  he  used  successfully  or  not. 

58.  Who  first  called  vour  attention  recentlv  to  the  tact 
that  the  water  dash-pots  were  used  on  the  South  America  1381 
before  she  went  to  Albany  \ 

A.  In  speaking  of  dash-pots,  I  always  knew  that  water 
had  heen  used  in  the  dash-pots  on  the  Sotdh  America.  Mr. 
Barstow  was  the  gentleman  who  asked  me  what  I  knew 
about  the  cut-off. 

59.  Did  you  always  know  that  water  had  heen  used 
before  you  went  to  Albany  { 

A.  Ho,  I  did  not.  I  always  knew  that  water  had  been 
used  in  the  South  America  since  the  alteration  of  her  cups.  1382 

60  When  did  you  first  know  that  water  had  heen  used 

t,' 

before  you  went  to  Albany,  and  by  what  means  did  you  ac-  I 
quire  that  knowledge  ?  -  [ 

A.  I  knew  that  water  was  used  in  the  cut-off  about  the 
month  of  April,  1841 :  I  acquired  the  knowledge  by  putting 
the  water  in  myself,  by  direction  of  Mr.  Hogg,  or  some  of 
the  proprietors  of  the  establishment. 

61.  Has  Peter  Hogg  talked  to  you  about  the  Soutlt 
America  lately 

A.  He  has. 

62.  Did  he  tell  you  that  this  cut-off  was  completed  <m  1383 
the  South  America  before  she  went  to  Albany? 

A  He  did  not.  I  judged  myself  the  cut-off  was  finished 
^\llile  the  boat  was  running  from  Hew  York  to  Albany,  as 
I  had  no  orders  to  do  any  work  at  it. 

63.  Did  he  talk  about  the  question  wJiether  the  cut-off* 
was  finished  before  you  started  for  Albany  ? 

A.  Ho,  sir ;  he  merelv  asked  me  what  mv  recollection 

'  *  \J  v 

was  about  the  different  apparatus  to  prevent  the  slamming 
36 
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1384  of  the  valve,  and  I  made  two  or  three  sketches  similar  to 
I^o’s.  1,  2  and  3. 

64.  Was  the  cut-off  arrangement  which  was  first  put  on 
the  South  America  like  that  which  was  constructed  for  the 
Balloon  f 

A.  I  never  saw  much  of  the  Balloon^ s  cut-off.  1  never 
examined  it.  I  saAv  it  lying  at  the  shop ;  I  think  some 
parts  'were  like  the  South  Americans. 

65.  Was  there  any  change  made  in  the  cut-off  of  the 
South  America  after  she  broke  down  to  your  knowledge  ? 

1385  A.  I  think  the  cams  or  inclined  planes  were  connected 
together,  so  as  to  regulate  the  cutting-off-point  from  the 
engine-room ;  this  w^as  after  she  broke. 

66.  Was  this  done  by  rods  of  iron  or  wood  work  ? 

A.  By  a  rod  of  iron  and  a  lever — a  wrought-iron  rod  and 
lever. 

67.  Was  any  other  change  made  that  you  know  of? 

A.  Not  to  my  knowledge. 

Re-Direct. 

68.  Do  you  recollect  the  date  in  your  direct  examination 

1386  of  the  breaking  down  of  the  South  America? 

A.  I  saw  the  date  in  the  paper,  24th  April,  1841.  That 
was  the  date  of  the  breaking  do’^virr"'’^^  ^ 

69.  How  many  trips  did  you  make  to  Albany  before  the 
breaking  down  ? 

A.  I  think  four  trips,  making  eight  days. 

'70.  What  was  the  usual  time  of  performing  a  trip  in  the 
People’s  Line  ? 

A.  Forty-eight  hours. 

71.  Did  you  run  on  Sundays  ? 

A.  No,  sir. 


Cross-examination  resumed. 

72.  What  day  did  you  start  on  your  first  trip  ? 

1387  A.  April  15th. 

7 37^ FST^yoirwere  making  trials  did  you  get  up  steam 
more  than  once  a  day? 

A.  We  got  up  steam  once  a  day  on  the  boilers,  and  kept 
the  steam  on  six  or  eight  hours. 

Bobekt  Kobinson. 

Flxamination  taken,  reduced  to  writing,  and  ) 
by  the  witness  subscribed  and  sworn  to  /- 
this  12th  day  of  May,  1853,  before  me,  ) 

Joseph  Bbidgham, 

_  U.  S.  Commissioner 

for  the  Southern  District  of  New  York. 
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^  The  counsel  for  the  defendants  then  read  in  evidence  the  1388 
deposition  of  Robert  Robinson^  taken  before  John  W.  hTel- 
son,  United  States  Commissioner,  at  Xew  York,  December 
7th,  185 J,  which  deposition,  without  the  deposition,  models 
or  drawings  referred  to  therein,  was  as  follows  : 

Q.  1.  What  is  your  name,  residence,  age  and  occupation  ? 

A.  Mv  name  is  Eobert  Eobinson:  my  residence,  Yew 
1  ork ;  my  age,  31  ;  my  occupation,  an  engineer ;  am 
chief  engineer  of  United  States  mail  steamship  Baltic. 

Q.  2.  State  whether  you  are  about  toleaye  the  city  of  Xew 
York  to  go  to  sea,  or  elsewhere  :  and  if  so.  when  and 
where  \ 

A.  I  leave  Yew  York  on  Saturday  next,  the  ninth  in- 1389 
'  stant,  for  Liverpool,  in  the  Baltic^  in  my  employment  as 
engineer. 

Q.  3.  Look  at  the  paper  herewith  shown  to  you,  and  hereto 
annexed,  marked  A,  consisting  of  ten  pages  of  written  mat¬ 
ter,  and  one  sheet  containing  three  figures  of  drawings,  and 
state  whether  or  not  it  is  the  orio:inal  of  your  deposition  in 
this  case,  taken  on  the  11th  May,  1853,  at  Providence, 
Ehode  Island,  on  the  part  of  the  defendants,  before  Josepli 
S.  Pitman,  United  States  Commissioner  ? 

A.  The  di’awings  and  deposition  are  mine,  and  the  paper 
is  the  original  of  such  deposition  and  drawings. 

Q.  4.  Look  at  question  35,  and  the  answer  thereto,  con- 1390 
tained  in  said  deposition,  and  also  at  the  said  drawings,  and 
state  whether  the  said  drawings  are  the  drawings  referred 
to  in  the  answer  to  the  said  35th  question,  and  whether  said 
di’awings  were  made  by  you  ? 

A.  The  drawing  were  made  bv  me.  and  tliey  are  the 
ones  referred  to  in  the  answer. 

Q.  5.  Look  at  the  models  now  shown  to  you,  consisting  of 
seven  pieces,  marked  respectively  B,  C,  D,  E,  P,  G  and  II, 
and  which  are  severally  certified  by  tlie  Commissioner  by 
certificates,  on  each  of  which  you  have  written  your  name, 
and  state  what  such  models  and  pieces  severally  represent  ? 

A.  The  pieces  marked  B,  C  and  D,  when  put  togetliei’, 
represent  the  apparatus  shown  by  figure  1  of  the  drawing's 
before  referred  to,  and  hereto  annexed.  The  piece  marked  1391 
E,  being  a  conical  plunger,  with  the  valve-stem  and  nut  taken 
out  of  the  piece  marked  G  and  applied  to  said  piece  marked 
E,  and  also  the  piece  marked  F,  and  also  the  piece  marked 
B  after  unscrewing  therefrom  the  bottom  thereof  with  the 
valve  arrangement  of  said  bottom,  and  also  after  unscrew¬ 
ing  therefrom  the  cock  in  the  circumference  thereof,  and 
closing  up  the  orifice  where  the  said  cock  is  inserted,  and 
applying  to  the  cylinder  of  said  piece  marked  B  the  bot¬ 
tom  piece  taken  from  the  piece  marked  G,  with  the  screw 
and  nut  attached  to  said  bottom  piece,  which  bottom  piece 
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1392  is  separately  marked  I,  said  last  mentioned  screw  being  in¬ 
serted  in  the  bottom  of  the  piece  or  cup  marked  F,  and 
the  piece  or  cup  marked  F  being  inserted  in  the  bottom 
of  the  cylinder  of  the  piece  marked  B,  when  put  to¬ 
gether,  represent  tlie  apparatus  shown  by  figure  2  of  said 
drawings,  before  referred  to,  and  hereto  annexed.  In  said 
figure  2,  the  piece  marked  E  is  inserted  in  the  piece 
marked  F,  so  as  to  fit  the  conical  cup  in  said  piece  marked 
F.  The  piece  marked  E,  inverted,  and  with  the  largest  cir¬ 
cumference  thereof  applied  to  the  face  of  the  piece  marked 

1393  TI,  and  the  valve-stem,  screw  and  nut  taken  from  the  piece 
marked  C,  and  applied  to  said  pieces  marked  E  and  H,  and 
then  the  whole  inserted,  with  the  piece  marked  H  down¬ 
wards,  in  the  cylindrical  cup  of  the  piece  marked  G,  and 
then  the  whole  applied  to  the  cylinder  of  the  piece  marked 
B,  together  with  the  bottom  piece  I  of  the  piece  G,  with  the 
screw  and  nut  belonging  thereto,  said  bottom  piece  marked 
I  being  applied  to  the  bottom  of  the  cylinder  of  the  piece 
B,  instead  of  the  bottom  and  valve  arrangement  now  at¬ 
tached  thereto,  the  cock  in  said  cylinder  being  removed 

1394  and  the  orifice  thereof  closed  up,  as  before  described  in 
figure  2,  when  put  together,  represent  the  apparatus 
shown  by  figure  3  of  said  drawings  before  referred  to,  and 
iiereto  annexed. 

Counsel  for  complainants  objects  to  the  testimony  as  irre¬ 
levant  to  the  questions  ordered  to  be  tried  on  the  feigned 
issues  in  this  action. 

B.  Bobinson. 

Sworn  and  subscribed  before  me,  | 

this  7th  December,  1 854,  f 

J.  W.  JN’elson, 

U.  S.  Comr. 

(The  deposition,  Exhibit  A,  is  hereinbefore  set  forth  at 
pages  273  to  277,  folios  1341  to  1361.) 

The  defendants  then  called  as  a  witness — 

Peter  who,  iiaving  been  duly  sworn,  testified  as 

follows : 

Q.  AVhat  is  your  occupation  ? 

A.  I  am  an  engine-builder,  in  New  York. 

Q.  How  long  have  you  been  engaged  in  that  business  ? 
A.  Since  1837. 

Q.  Were  you,  at  any  period  previous  to  1842,  acquainted 
with  the  tripping  apparatus  used  for  the  ]mrpose  of  pro¬ 
ducing  a  cut-oft‘  in  steam-engines  ? 

A.  I  was,  sir. 

Q.  When  were  you  first  acquainted  witli  it  ? 

A.  I  contrived  an  apparatus  myself  fin-  tiiat  ])uipose,  in 
the  latter  part  of  the  year  1838. 

Q.  Where  were  you  then  employed  ? 

A.  I  was  employed  at  the  Phoenix  Foundry,  New  York. 
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Q.  Who  was  then  the  owner  of  that  establishment  ?  1896 

A.  Mr.  James  Cunningham.  , 

Q.  Will  you  describe  the  apparatus  you  then  contrived  ? 

A.  It  was  an  apparatus  for  releasing  the  steam-valves 
from  the  lifter  which  raised  them,  and  allowing  them  to  fall 
to  their  seats,  for  the  purpose  of  efiecting  a  cut-off,  j 

Q.  How  was  the  detachment  effected  ? 

A.  It  was  effected  by  a  bolt  or  slide  which  was  fixed 
upon  the  top  of  the  lifter,  and  withdrawn  by  a  fixed  cam. 

Q.  Have  you  constructed  any  cut-offs  upon  tliat  plan  ? 

A.  W e  have,  sir. 

Q.  When?  ^  1397 

A.  The  first  set  in  operation  was  on  board  the  steamboat 
South  America. 

Q.  Was  that  the  first  one  constructed  ? 

A.  Hot  the  first  one  constructed ;  one  had  been  previ¬ 
ously  made  for  the  steamboat  Balloon^  in  the  course  of  its 
construction  the  boSTwas  chartered  and  sent  from  the  city, 
and  the  order  was  countermanded  bv  the  owners,  thev  not 
having  time  to  have  it  completed. 

Q.  Describe  the  construction  of  that  which  was  put  upon 
the  South  America.  1398 

A.  This  model  is  a  correct  representation  of  the  tripping 
apparatus  that  was  made  and  put  in  use  on  board  the  South 
America ;  this  was  in  the  spring  of  1841. 

Q.  Describe  the  opet'artt^  o/mat  model. 

A.  This  lifting-rod  was  a  portion  of  the  mechanism  for  mo  v- 
ing  the  valves  of  steamboats,  m  common  use,  and  the  lifter  . 

was  ordinarily  attached  to  the  valve-stem  by  nuts  above  and  / 

below;  the  upper  part  of  the  valve-stem  being  removed,  or  a  [ 

piece  substituted  for  the  thread  and  nuts,  in  which  piece  ^ 
there  were  catches  at  the  side  for  admitting  the  end  of  a  bolt  13^ 
or  latch,  which  was  forced  in  by  means  of  a  small  spiral  I 

spring  upon  it,  that,  by  the  ascent  of  the  lifter,  being  drawn  \ 

back  from  the  notches  in  the  valve-stem,  b}^  means  of  \ 
a  cam  or  wedge-piece,  released  the  valve  from  the  lifter  I 
and  allowed  it  to  di’op  to  its  seat.  ( 

Q.  Will  that  cut  off  the  whole  length  of  the  stroke  ? 

A.  Ho,  sir. 

Q.  AVithin  what  limits  would  it  cut  off  the  steam  ? 

A.  Hot  more  than  half-stroke. 

Q.  Did  you  use  any  contrivance  to  arrest  the  descent  of 
the  valve  ?  14i)0 

A.  Yes,  sir ;  we  first  used  a  spring  underneath  the 
valve,  and,  after  that,  leather  was  tried  immediately  above 
the  stufling-box — a  leather  cushion  ;  after  that  we  tried  air, 
and  subsequently  water. 

Q.  Describe  the  manner  in  which  you  tried  afr. 

A.  There  was  a  cylinder  of  five  or  six  inches  diameter 
placed  below  the  valve,  and  on  the  end  of  the  valve-stem 
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1401  was  a  piston  working  in  that  cylinder  ;  the  air  was  admit¬ 
ted  to  that  cylinder  by  means  of  a  valve  at  the  bottom,  and 
formed  a  cushion  to  arrest  the  falling  of  the  valve. 

Q.  Will  you  take  the  model  and  state  whether  that  is  a 
representation  of  it  ? 

A.  This  model  is  a  very  fair  representation  of  the  cylin¬ 
der  that  was  used  ;  a  plain,  straight  cylinder,  with  a  plate 
at  the  bottom,  and  in  this  plate  was  a  valve  to  admit  the 
air  into  the  cylinder.  As  the  weight  descended  it  coin- 
pressed  the  air  to  prevent  the  valve  from  slamming  upon 

1 402  its  seat — at  least  such  was  the  intention,  but  it  was  found 
difficult  to  regulate  it.  There  was  a  cock  placed  upon  the 
side  of  the  cylinder,  to  allow  the  air  to  escape  freely  until 
the  valve  approached  its  seat,  but  it  was  impossible  to  regu¬ 
late  it  for  any  length  of  time,  to  continue  in  operation,  be¬ 
cause  the  difference  in  the  pressure  of  the  steam  and  in  the 
height  from  which  the  valve  would  fall,  at  different  points 
of  cut-off,  would  prevent  it  from  checking  the  valve  and 
preventing  its  slamming.  It  required  constant  attention  to 

1403  regulate  the  escape  of  air. 

Q.  What  was  the  effect  of  the  use  of  air  upon  the  valve 

A.  On  the  valve  ? 

Q.  Yes. 

A.  Well,  it  was  not  available;  that  is,  it  did  not  answer 
the  purpose. 

Q.  Why  did  it  not  answer  the  purpose  ?  what  was  the 
V  purpose  you  wished  to  have  answered  ? 

I  ^  A.  To  prevent  the  valves  from  slamming  on  their  seats. 
^  The  air,  by  a  nice  adjustment  of  the  cock  would  do  so ;  but 
it  was  impracticable,  for  all  that,  because  it  required  such 

1404  continual  adjustment,  ever  varying  with  the  pressure  of  the 
I  steam  and  weight  on  the  engine. 

/  Q.  What  was  the  effect  of  the  cushion  of  air  upon  the 

^  valve  ? 


A.  Sometimes,  if  the  cock  were  shut,  it  would  cause  too 
much  rebound  and  lift  the  valve  again  from  its  seat;  and,  at 
other  times,  if  the  air  was  allowed  to  escape  too  freely,  it 
would  cause  the  valve  to  slam. 

Q.  Was  that  injurious,  or  not,  to  the  valve? 

A.  It  would  be  injurious  to  the  valve. 

Q.  How  far  did  the  piston  descend  in  that  cylinder  ? 

A.  It  partook  of  the  movement  of  the  valve ;  that  was 
variable  according  to  the  point  at  which  we  were  cutting- 
off.  If  we  were  cutting-off  at  half-stroke  the  Avhole  height 
would  be  about  five  inches. 

Q.  To  what  point  did  the  weight  descend  in  the  cy¬ 
linder  ? 


A.  Very  nearly  to  the  bottom. 
Q.  Below,  or  above  the  cock  ? 
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A.  Below  the  cock.  1406 

Q.  Was  the  orifice  of  the  cock  closed  bv  the  descent  of 
the  piston  ? 

A.  Xot  tight ;  the  piston  itself  was  not  so  tight  in  the 
cylinder  as  to  positively  close  it. 

Q.  Did  the  piston  go  below  that  i 
A.  YeSj  but  it  did  not  positively  close  it. 

Q.  Where  was  air  admitted  into  the  cylinder  when  the 
valve  was  raised  ? 

A.  It  was  admitted  by  a  valve  in  the  bottom. 

Q.  What  did  von  use  after  you  used  air  ? 

A.  We  used  water  in  the  same  cylinder  in  which  air  l^ad  1407 
been  used. 

Q.  What  alterations  were  made  i 
A.  There  had  been  a  cnp  made  previously. 

Q.  Put  the  parts  of  the  model  together. 

A.  There  had  been  a  cup  made  to  fit  in  the  bottom  of  the 
cylinder;  the  piston  was  made  smaller  to  drop  into  that 
cup. 

Q.  Explain  the  operation  of  the  model  as  altered. 

A.  We  made  a  cup,  which  passed  within  this  cylinder 
and  was  attached  to  a  set  screw,  which  passed  through  the 
bottom ;  into  that  cup  a  plunger  was  made  to  pass  in  this 
manner.  ^408 

Q.  State  if  water  was  used  successfully,  and  if  so,  how  ‘I  \ 

A.  Water  was  used  successfully  by  means  of  a  piston  \ 
working  into  a  contracted  cup  in  the  cylinder,  placed  \ 
below  the  valve.  Air  was  so  elastic,  that,  if  the  valve  was  | 
eased  to  its  seat  by  compression  of  the  air,  it  was  apt  to  re-  I 

bound  and  ‘‘chatter,”  as  it  is  called;  but  with  water,  when  j 

it  came  to  its  seat,  it  remained  there.  And  further,  the  / 
water  admitted  could  be  regulated  by  adjustment  of  this  / 
cup,  so  as  to  ease  the  valve  to  its  seat  perfectly,  which  we 
were  never  able  to  do  with  air  for  anv  leng’th  of  time.  f 

Q.  State  when  that  apparatus  was  put  on  the  iS'oM.  1409 
America. 

A.  It  was  put  on  in  the  spilin’-  of  1841. 

Q.  In  what  month  ?  ^ 

A.  Li  April. 

□.""Wliat  assistance  did  veil  have,  if  anv,  in  the  construe- 
tion  of  that  apparatus  ^ 

A.  This  checking  apparatus. 

Q.  The  whole  of  it — tripping  apparatus  and  checking  ap¬ 
paratus  ? 

A.  I  had  the  advice  of  Air.  Cunningham,  in  regard  to  the 
checking  apparatus.  The  tripping  apparatus  was  entirely 
my  own  device. 

Q.  Did  you  ever  adopt  any  arrangement  by  which  you 


/W 


288 


f 


1410  could  cut  oft  with  your  tripping  apparatus  beyond  half¬ 
stroke  ? 

A.  No,  sir,  never. 

Q.  Will  you  show  why  you  could  not  ? 

A.  The  reason  is,  that,  by  the  time  the  piston  has  ar¬ 
rived  at  half-stroke  in  the  cylinder,  the  lifting-rod  which 
has  been  moved  by  the  eccentric  for  opening  the  steam- 
valve,  always  shifts  and  commences  to  return  ;  so  that,  be¬ 
yond  the  half-stroke,  there  is  no  motion  to  trip  the  valve, 
Mil  as  the  movement  commences  in  the  other  direction.  The 
lifting-rod  commences  to  return  when  the  piston  is  at  half- 
stKoke  ;  and,  therefore,  if  the  detachment  is  not  effected  by 
that  time,  there  cannot  then  be  any  effected. 

Q.  Will  you  show  to  the  jury  the  situation  of  the  fork  to 
the  valve-stem,  and  how  it  operates  upon  it. 

A.  The  lifting-rod  being  moved  by  the  eccentric,  as  the 
piston  commences  its  stroke,  rises  until  the  piston  has 
arrived  at  half-stroke ;  it  then  commences  to  return.  Such 
1412  is  the  arrangement  of  the  eccentric,  that,  when  the  piston 
has  arrived  at  half-stroke,  the  eccentric  commences  to  re¬ 
turn.  That  being  the  case,  if  the  valve  is  not  released  by 
the  time  it  commences  to  return,  from  that  time,  on  the 
downward  movement  of  the  rod,  there  is  nothing  to  release 
it.  The  catch  returns  into  its  place,  even  though  it  had 
been  partially  removed  from  the  stem. 


On  being  cross-examined,  the  witness,  Peter  Hogg,  testi- 
1413  fied  as  follows  : 


1414 


Q.  Cannot  that  apparatus  be  altered  so  as  to  make  it 
cut-off  beyond  half-stroke  ? 

A.  Other  parts  may  be  added,  to  cause  it  to  do  it. 

Q.  But,  as  this  stands,  it  cannot. 

A.  No,  sir. 

Q.  Cannot  you,  by  reversing  that  cam  in  some  way  ^ 

\  A.  No,  sir. 

Q.  Were  you  examined  as  a  witness  here  in  a  trial  in 
.843,  in  which  this  patent  was  under  consideration  ? 

A.  Yes. 


On  being  re-examined,  the  witness,  Peter  Hogg,  testified 
as  follows : 

Q.  Did  the  defendant’s  a])paratus,  in  that  trial,  use  air  or 
water  in  the  dash-pot  ? 

A.,AYaiter. 

Q.  Did'^you  see  the  apparatus  of  the  defendant  in  that 
case? 

A.  No  sir. 


Q.  Kodmaii's  apparatus — tlie  defendant  in  tliat  case  ? 

A.  I  think  I  have  seen  it. 

Q.  Did  you  know  what  it  was  i 

A.  Whether  I  did  or  not  at  that  time,  I  do  not  know  i 

Q.  Do  you  know  how  it  was  constructed  ? 

A.  ]S’ot  internally,  I  do  not. 

Q.  Well,  externally? 

A.  Yes,  sir. 

Q.  Do  you  know  Avliether  it  used  air  or  water  ? 

A.  I  do  not  knoAV  positively — not  of  my  own  knowl¬ 
edge  ? 

Q.  Do  you  know  w^hat  it  was  said  to  use,  on  the  trial  ? 

A.  It  was  said  to  use  water. 

Q.  DTd'yotrsee^the  construction  of  the  tripping  apparatus 
in  that  case  ? 

A.  Yes,  sir. 

Q.  Who  built  it  ? 

A.  Mr.  Rodman  built  it. 

Q.  Do  you  know  in  Avhat  manner  he  built  it  ? 

A.  Similar  to  this  model  (of  Sickels’  apparatus.) 

Q.  Do  you  know  whether  it  was  exactly  similar  to  that 
m  odel  ? 

A.  Xo  ;  I  do  not  know  that  it  was  exactly  similar. 

Q.  Do  you  know  of  his  building  one  on  the  same  plan  ? 

A.  Yes,  sm ;  I  have  seen  many  others  on  the  same  plan. 

Q.  Building  by  Rodman  ? 

A.  Yes,  sir  ;  and  others. 

Q.  By  whom  ? 

A.  I  cannot  answer  positively  as  to  whom.  I  may  say  I 
have  seen  some  others  built  by  them — not  many. 

Q.  Will  yon  state  whether  you  stated,  upon  that  trial, 
all  the  facts  within  your  knowledge  relating  to  this  cut- 
otf  ? 

A.  On  that  trial  the  facts  were  not  all  stated. 

Q.  Why  not  ? 

A.  We  were  confined  to  a  categorical  answer,  yes  or  no  ; 
and  there  were  many  questions  that  would  have  brought 
out  other  facts  in  the  case,  if  tliey  had  been  allowed  to  an¬ 
swer  them. 

Q.  Will  3'ou  say  whether  you  were  permitted  to  state 
facts  within  your  knowledge  respecting  this  cut-off? 

A.  I  was  not. 

On  being  further  c/‘oss-exa//iinc(l,  the  witness,  Peter 
Hogg,  testified  as  follows  : 

Q.  Were  you  not  sworn  then  to  tell  the  truth  and  the 
whole  truth  ? 

A.  I  presume  so. 

3T 
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1  1419  Q.  Who  prevented  you  from  telling  the  whole  truth? 

A.  The  counsel  on  the  opposite  side,  I  believe. 

\  Q.  Who  was  counsel  on  the  opposite  side  ? 

A.  Mr.  Seth  P.  Staples. 

Q,  Did  he  prevent  you  from  telling  the  whole  truth  ? 

A.  I  cannot  say  that  he  prevented  me  from  tilling  the 
whole  truth  ;  but  there  is  such  a  thing  as  requiring  a  wit¬ 
ness  to  answer  a  question  simply  yes  or  no,  without  explana¬ 
tion  or  investigation. 

Q.  Did  you  ask  the  court  to  permit  you  to  tell  the  whole 

1420  truth? 

A.  I  cannot  say  that  I  did,  sir. 

Q.  What  is  it  you  testified  to  on  that  occasion? 

A.  There  were  circumstances  of  the  origin  of  this  con¬ 
traction  in  the  dash-pot  which  I  offered  to  state,  and  was 
prevented,  as  being  ruled  out  of  the  case,  or  out  of  the 
question. 

Q.  That  is  all  ? 

A.  Yes,  sir. 

Q.  'Now,  sir,  do  you  know  if  the  cut-oft*  on  Sickels’  plan, 

1421  with  water,  requires  the  adjustable  cup  to  be  shifted  when¬ 
ever  the  cut-oft'  is  varied,  during  its  operation  ? 

A.  I  do  not,  within  reasonable  limits. 

Q.  When  shifting  from  cut-off  short  to  half-stroke  ? 

A.  Yes;  in  most  cases  fi*om  very  short  to  half-stroke,  it 
it  would  require  a  slight  adjustment. 

Q.  Is  that  the  practice,  now,  sir,  of  adjusting  them,  when 
shifting  in  that  wav  ? 

A.  Is  it  not  the  practice  to  shift  the  cut-ofiP. 

Q.  But  when  the  cut-off  is  shifted  from  short  to  half- 

1422  stroke,  is  it  or  not  the  j)ractice  to  make  a  corresponding  ad¬ 
justment  in  the  cup  ? 

A.  I  have  found  it  necessary  myself. 

Q.  I  am  asking  you  whether  it  is  the  common  practice 
among  engineers  ? 

A.  I  do  not  say  what  the  practice  of  others  is ;  I  can 
only  say  what  I  have  myself  pursued. 

Q.  In  what  engines  did  you  find  it  necessary  ? 

A.  I  may  say  I  have  found  it  so  on  every  one. 

1423  JSTame  one,  and  who  was  engineer  ? 

A.  This  same  South  America. 

Q.  Any  since  Sickels’  patent  was  granted,  in  which  you 
know  that  the  cup  has  to  be  adjusted  when  the  cut-ofi*  is 
shifted  ? 

A.  I  have  found  it  so  in  tlie  United  States  steamer  Fid- 
ton. 

Q.  Where  is  the  Fulton  now  ? 

A.  I  think  she  is  afloat  yet. 

Q.  With  Sickels’  cut-ofl[l 
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A.  Xo,  sir;  she  has  a  new  engine  now,  and  the  old  1424 
machinery  has  been  taken  out. 

Q.  When  was  it  that  you  found  it  necessary  in  the  Fxd- 
ton  f 

A.  In  1842. 

Q.  Cannot  yon  name  any  of  a  later  date  than  that,  and 
give  me  the  name  of  the  engineer  who  worked  the  en¬ 
gine? 

A.  I  have  not  had  anything  much  to  do  with  them  for 
many  yeai’s.  Very  few  have  been  made  by  me  of  late.  I 
recollect  that  case  ^particularly,  because  Mr.  Stevens  had 
applied  his  cut-off  to  one  engine,  and  I  had  applied  the  1425 
ch’op  valve  to  the  gear  upon  the  opposite  engine,  and  we 
were  seeing  who  could  produce  the  best  effect  by  cutting  off, 
and  adjusting  the  cut-off'.  In  those  experiments,  I  recollect 
having  very  frequently  to  adjust  the  cup  below  the  valve. 

Q.  Wlio  was  the  engineer  of  that  engine  i 

A.  I  really  do  not  recollect  his  name. 

Q.  Cannot  you  remember  the  name  of  the  engineer  who 
worked  that  engine  during  the  trial  ? 

A.  I  cannot. 

Q.  Can  you  give  me  the  name  of  any  engineer  who,  to 
yom’  knowledge,  has  worked  an  engine  requiring  that  ad- 1426 
justment  since  the  date  of  Sickels’  patent,  and  where  the 
engine  is  to  be  found  ? 

A.  Xo  sir,  I  cannot.  The  experiment  is  not  usually 
made,  for  it  is  not  usually  requii*ed. 

Q.  How  far  was  that  cock  in  the  air-cylinder  from  tlie 
bottom  of  the  cvlinder? 

A.  It  was  about  the  distance  of  the  flange. 

Q.  I  am  asking  you  what  distance  from  the  bottom  of  the 
air-cylinder  ? 

A.  Immediately  above  the  flange. 

Q.  Cannot  you  tell  me  how  high  above  the  bottom — the 
inside  bottom,  I  mean. 

A.  Xo  sir,  I  cannot.  It  was  at  least  the  thickness  of  the  iqoT 
fllange — 3-4ths  of  an  inch. 

Q.  Do  you  mean  to  swear  that  it  was  only  three-quarters 
of  an  inch  from  the  bottom  of  the  cvlinder  i 

A.  It  might  have  been  more  than  that.  It  was  at  least 
that. 

Q.  Will  you  swear  that  it  was  not  from  1|  to  2  inches  ? 

A.  I  cannot  sav  that  it  was  not  two  inches. 

c/ 

Q.  You  cannot  say  that  it  was  not  inches  ? 

A.  I  cannot  sav  whether  it  was  li  or  1|. 

Q.  Can  you  state  what  was  the  greatest  depth  to  which 
the  plunger  descended  in  that  cylinder  ? 

A.  I  cannot  sav. 

Q.  Xow,  Mr.  Hogg,  do  I  understand  you  to  say  that  a 
dash-pot  cannot  be  made  on  Sickels’  plan  to  work  with  air, 
and  prevent  the  slamming  of  the  valves  ? 
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1428  A.  I  found  it  impossible  to  do  it  myself. 

On  being  further  re-examdned  the  witness,  Peter  Hogg^ 
testified  as  follows : 

Q.  You  say  that  but  few  of  these  cut-offs  have  been  made 
of  late  years  ? 

A.  I  said  that  I  had  made  but  few  of  late  years. 

Q.  Will  you  state  your  place  of  business  at  present  ? 

A.  At  the  foot  of  13th  street,  l^orth  Biver. 

Q.  What  business? 

A.  Manufacturer  of  steam-boat  engines  particularly. 

Q.  What  firm  ? 

A.  Hogg  &  Delamater. 

The  defendants  here  rested. 

1429  'ppg  plaintiffs  then  recalled  as  a  witness  He/ary  B.  Pen- 
wich^  who  testified  as  follows  : 

Q.  Would  it  be  a  practical  way  of  making  steam-engines 
on  the  defendants’  arrangement,  to  have  the  weight  for  clos¬ 
ing  the  valve  suspended  by  a  chain  or  other  loose  con¬ 
nection  ? 

A.  I  should  think  it  would  not.  I  have  had  some  little 
experience  in  such  things. 

Q.  Will  you  state  your  experience? 

A.  Some  years  ago  I  was  foolish  enough  to  fasten  a  re¬ 
ciprocating  weight  to  a  cliain,  so  that  it  rose  and  fell  as  it 

1430  does  in  that  engine,  onH  it  made  fourteen  strokes  a  minute 
instead  of  forty.  It  was,  I  believe,  a  one  ton  weight  upon 
a  ten  ton  chain,  and  I  found  that  the  weight  cut  the  chain  in 
two  before  the  first  twenty-four  hours  were  out,  by  the  sud¬ 
den  change  up  and  down  of  the  motion  of  the  weight. 

Q.  If,  instead  of  a  dash-pot,  a  weight  should  be  permitted 
to  descend  on  pieces  of  carpet  or  leather,  what  would  be 
the  practical  result  of  that  ? 

A.  Well  sir,  I  say,  as  I  said  before,  that  any  slam  or  jar 
upon  the  bed-plate  of  an  engine  would  not  only  be  trans¬ 
mitted  to  the  valve,  but  to  the  whole  parts  of  the  engine. 
And  you  will  notice,  in  this  machine,  by  dropping  it  on  the 

1431  floor  of  this  court-room,  thus,  (illustrating  it,)  I  transfer  its 
slam  to  the  gas-lights  in  this  room,  and  the  ceiling  all  over 
it. 

Q.  What  would  be  the  practical  effect  upon  the  parts  of 
the  engine  moving  upon  each  other — such  as  the  valves  work¬ 
ing  on  their  seats,  and  the  piston  working  in  the  cylinder  ? 

A.  I  can  only  say  generally  with  reference  to  that,  that 
every  man  who  is  an  engineer  tries  to  avoid  all  concussions 
and  jars  upon  the  engine  if  possible,  as  every  jar  is  injuri¬ 
ous  to  the  working  of  the  engine.  If  an  engine  goes  as  still 
as  a  watch,  without  any  jar,  it  will  work  better  and  last 
longer. 
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Q.  Would  it  be  practicable  to  work  the  puppet-valves  1432 
with  a  trip  for  a  short  period  of  time,  by  arresting  the  weight 
with  carpet,  as  it  is  arranged  under  that  weight  ? 

A.  I  have  never  tried  it,  but  I  do  not  think  it  would.  I 
do  not  think  that  any  body  would  ever  try  it. 

Q.  Do  you  know,  sir  if  the  valves  could  be  closed  so  as 
to  cut  off  steam  ? 

A.  They  would  probably  be  closed,  but  there  would  be 
a  great  slam  upon  the  whole  of  the  engine,  and  upon  the 
valve-seat  also.  It  would  be  very  much'the  same  as  if  the 
weight  fell  without  any  carpet  arrangement  under  it  at  all.  1433 

Q.  Now,  sir,  with  reference  to  Sickels’  dash-pot  in  con¬ 
nection  with  puppet-valves.  Could  air,  substituted  for  water, 
work  efficiently  ? 

A.  I  think  air  might  be  substituted  to  work  instead  of  '  . 
water,  but  I  think  that  water  is  the  better  fluid  of  the  two,  / 
for  the  reason  that  a  man  always  works  with  the  tools  which 

%j  i 

he  can  control  easiest.  It  would  require  less  adjustment  ‘ 
and  less  experiment  to  find  out  the  precise  size  of  the  dash-  { 
pot,  in  the  first  place.  Air  could  be  made  to  work,  but  not  J 
so  well  as  water.  1434 

Q.  Do  you  know  how  long  check-rings  have  been  used  in 
connection  with  puppet-valves  ^ 

A.  I  cannot  state.  They  are  an  old  afifair.  I  have  no 
way  of  fixing  the  first  time  that  I  saw  them. 

Q.  Do  you  know  if  they  have  been  made  sufficiently 
tight  to  cut  off*  steam  before  the  valve  reaches  its  seat  ? 

A.  That  I  cannot  answer  of  my  own  knowledge.  I  never 
was  in  the  inside  of  a  chest  so  as  to  examine  and  ascertain 
whether  the  fact  was  so  or  not.  It  would  depend  upon  how- 
nicely  the  valve-check -ring  was  fitted  and  ground.  It  1435 
would  cut  otf  sufficient  for  all  practical  purposes  in  a  larg'e 
engine,  for  the  aperture  w’ould  be  almost  nothing. 

Q.  Are  you  acquainted  with  what  is  known  as  the  Sea¬ 
ward  arrangement  of  slide-valves  ? 

A.  I  have  Imown  them  for  many  years. 

Q.  Will  you  state  to  the  jury  whether  that  resembles  or 
differs  from  the  arrangement  of  valves  in  the  defendants’ 
engine  ? 

A.  This  arrangement  of  valves  I  should  consider  to  be 
substantially  the  same  as  the  arrangement  of  valves  in  the  de¬ 
fendants’  engine.  1436 

Q.  Do  you  know  if  that  aiTangement  of  valves  was  known 
at  the  time  of  Sickels’  patent  ? 

A.  My  impression  is  that  they  were  known  before,  but  I 
cannot  sj^eak  with  perfect  certainty.  I  think  they  are  de¬ 
scribed  in  one  of  the  early  editions  of  books  upon  the 
subject. 

Q.  Just  see  when  that  book  was  published,  (handing  a 
book.) 
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1437  A.  At  London,  in  1840  ;  this  patent  of  Mr.  Corliss  has 
got  the  same  arrangement. 

Q.  Will  yon  examine  that  patent  ?  (handing  one.) 

A.  This  is  a  patent  granted  to  William  Garlin  for  an 
improvement  in  the  regulating  or  throttle  valves  of  steam- 
engines,  dated  October  11th,  1841. 

The  defendants’  counsel  objected  to  the  introduction  of 
the  patent  to  Garlin  in  evidence,  on  the  ground  that 
it  was  irrelevant,  but  the  objection  was  overruled  by 
the  Court,  to  which  decision  the  defendants’  counsel  excepted, 

1438  and  the  patent  was  read  in  evidence,  with  the  schedule  and 
drawings  annexed  to  it.  It  was  a  patent  granted  by  the 
United  States  to  William  Garlin,  of  Providence,  Rhode  Is¬ 
land,  October  11th,  1841,  for  fourteen  years  from  that  day. 
The  schedule  was  as  follows : 


The  Schedule  referred^  to  in  these  Letters  Patent  and  mahing 

]}a/rt  of  the  same. 

To  all  whom  it  may  concern :  Be  it  known,  That  I,  Wil- 
;l439liam  Garlin,  of  Providence,  in  the  County  of  Providence, 
and  State  of  Rhode  Island,  have  invented  a  new  and  im¬ 
proved  method  of  constructing  valves  to  be  applied  as  throt¬ 
tle  or  regulating  valves  to  steam  engines  ;  and  I  do  declare 
that  the  following  is  a  full  and  exact  description.  The 
nature  of  my  invention  consists  in  the  peculiar  construction 
of  the  valve,  and  its  connection  with  the  stem  or  rod  by 
which  it  is  moved. 

To  enable  others  skilled  in  the  art  to  make  and  use  my 
invention,  I  will  proceed  to  describe  its  construction. 

1440  I  construct  a  chamber  (to  contain  the  valve)  the  plan  of 
which  is  shown  (on  the  accompanying  drawing)  by  the 
quadrangle  a,  b,  c,  d,  at  No.  1 ;  the  parallelogram  e  repre¬ 
sents  the  plan  of  the  aperture  in  the  chamber,  over  which 
the  valve  is  j)laced  ;  the  bottom  of  the  chamber  is  concave, 
and  the  sides  a,  b,  and  c,  d,  are  semi-circular  in  their  elevation ; 
a  section  is  shown  of  this  chamber  at  No.  2,  f,  a,  and  b,  g, 
the  chamber  ;  d  the  valve,  h  the  stem  of  the  valve,  passing 
through  a  slot  in  the  rod  C ;  a  perspective  view  of  the  valve 

1441  is  shown  at  No.  3  ;  the  letters  referring  same  as  No.  2  ;  a 
longitudinal  section  of  the  chambes,  valve  and  rod  is  shown 
at  No.  4  ;  K  represents  the  rod  through  which  the  stem  of 
the  valve  passes,  and  by  which  it  is  made  to  move  on  its 
semi-circular  seat  either  opening  or  shutting  the  ai)erture  e ; 
No.  5  is  a  perspective  view  ;  the  chamber  is  supposed  trans¬ 
parent,  that  the  connection  of  the  valve  with  the  rod  K,  and 
its  place  over  the  aperture  e,  may  be  more  plainly  shown ; 
the  rod  K  has  a  slot  passing  diametrically  through  it, , as  ^ 
shown  at  h  on  fig.  A  ;  the  letters  in  No.  6  refer  to  the  same' 
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parts  as  the  same  lettei's  do  in  Xos.  1  and  4.  The  operation  1442 
of  this  valve  is  as  follows,  namely,  the  slot  through  the  rod 
K  must  be  as  perfect  as  possible ;  the  stem  of  the  valve  to 
fit  into  it  so  as  to  allow  the  valve  to  move  freely  in  the  slot 
by  its  gravit}’ ;  the  chamber  should  be  placed  (if  convenient) 
so  as  to  allow  the  valve  to  rest  on  its  seat  by  its  own  weight, 
as  well  as  by  the  pressure  of  the  steam  ;  thus,  as  the  valve 
wears,  it  settles  through  the  slot  and  is  pressed  closely  to 
its  seat,  thus  preventing  any  leakage  of  steam. 

What  I  claim  as  my  invention,  and  desire  to  secure  by 
Letters  Patent,  is  the  manner  of  connectin<?  the  valve  d  1443 
with  the  rod  K,  so  as  to  adjust  itself  to  the  seat  (on  which 
it  moves)  by  the  stem  h  passing  u]^  or  down  through  the 

slot  in  the  rod,  as  the  case  mav  be,  the  whole  combined  as 

•  1/  ' 

herein  set  forth. 

William  C4arlin. 

Witnesses, 

Feansis  W.  Laesin. 

Charles  F.  Pike. 


Q.  Will  you  state  whether  the  mode  of  forming  the  con¬ 
nection  between  the  valve  inside  and  the  outside  corres- 
ponds  or  not  with  the  defendants’  ?  I  want  to  know  whether 
the  valve  described  in  that  patent,  and  the  mode  of  forming 
the  connection  of  the  valve  with  anv  mechanism  outside 

C/ 

of  the  valve-chest,  is  substantiallv  like  or  substantiallv  difier- 

'  ^  t  c 

ent  from  the  defendants’  ^ 

A.  Substantially  like  it.  The  patent  is  described  as  having 
a  rotating  valve  in  this  chamber,  which  has  a  slight  play 
up  and  down  through  this  stem  which  moves  it;  the  same 
as  this  valve  can  have  a  slight  play  up  and  down  here.  ^ 

Mr.  Blatchfcrrd. — Is  that  all  it  describes  i 

A.  That  is  pretty  much  all.  That  is  the  scope  of  the 
patent. 

Mr.  Keller. — How  is  the  motion  communicated  to  tliat 
valve — by  a  sliding  or  rotating  stem  \ 

A.  By  a  rotating  stem.  The  only  dittereiice  between  the 
two  is,  that  Mr.  Garlin  makes  a  slot  in  the  rotating  stem, 
and  puts  a  portion  of  the  valve  through  it ;  whereas,  Mr. 
Corliss  makes  a  slot  in  the  valve  itself,  and  lets  a  piece  in  ; 
and  the  rotating  valve  would  come  into  that  slot,  so  as  to 
let  the  valve  adjust  itself  and  come  down  upon  its  seat. 

Q.  AVould  it  be  practicable  to  work  ])uppet-valves  on 
horizontal  stem,  connected  with  a  tripping  apparatus  for 
cutting  ofi‘  steam  ? 

A.  i  es,  sir ;  I  see  no  impracticability  in  it  at  all.  I 
have  seen  puppet-valves  worked  at  various  angles.  Tlie 
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1447  only  point  is  to  make  your  guides  long  enough  to  make  the 
valve  seat  truly. 

Q.  In  a  case  of  that  sort,  in  working  the  tripping  appa¬ 
ratus,  I  think  I  understood  you  to  state  that  it  is  necessary 
to  connect  a  weight  with  it,  for  the  purpose  of  closing  the 
valve  ? 

A.  Yes ;  the  valve,  if  laid  horizontally,  would  have  no 
weight  that  would  tend  to  close  it.  Its  whole  weight  would 
rest  upon  the  stem. 

Q.  In  a  case  of  that  sort,  could  a  weight  he  suspended  to 

1448  it,  as  it  is  in  the  defendants’  arrangement;  the  rod  con¬ 
necting  with  the  rock-shaft  arm  ? 

A.  It  could  be  made.  The  easiest  way  to  shut  this  valve 
is  to  prolong  this  stem  through  the  dash-pot,  and  then  to 
make  a  connection,  flexible  or  otherwise,  to  a  bell-crank, 
with  a  hanging  weight  upon  the  other  arm.  But  the  flexi¬ 
ble  connection  here  would  be  liable  to  the  same  objection 
as  the  flexible  connection  in  that  engine. 

Q.  Taking  the  proportion  of  the  valves  in  that  apparatus 
taken  from  the  De  Laine  Mills,  to  what  power  do  you  think 

1449  they  would  be  adapted  ? 

A.  It  is  difficult  to  speak  with  certainty,  for  engineers 
vary  much  in  their  proportions.  Those  valves  seem  to  be 
between  7  and  8  inches,  and  are  big  enough  for  an  eighty- 
horse-power  engine — perhaps  ninety.  I  liave  seen  an 
eighty-horse-power  engine  worked  with  similar  valves  to 
those. 

Q.  When  the  throttle- valve  was  first  a23plied  to  the 
steam-engine,  was  it  regidated  by  hand  ? 

A.  It  was,  so  far  as  I  know,  or  can  find  out  by  reading. 

1450  It  was  just  as  it  is  now  in  many  cases.  A  man  stands  by 
with  his  hand  upon  the  throttle- valve,  and  watches  the  en¬ 
gine,  and  shuts  off'  or  gives  steam  as  occasion  requires. 

Q.  What  change  was  introduced  by  the  addition  of  the 
governor  to  the  throttle- valve  ? 

A.  The  throttle-valve,  the  handle  and  the  stem  performed 
all  the  same  objects  that  they  did  before,  and  the  governor 
was  only  put  there  to  do  the  work  of  the  man. 

Q.  To  render  it  automatic 

1451  A.  Yes.  It  does  not  render  it  entirely  automatic. 

Mr.  Blatchford^ — It  does  not  render  it  automatic  ? 

\  A.  JSTo,  sir;  no  governor  does. 

I  Mr.  Keller.^ — Will  you  examine  that  model  (of  Watt’s  ;) 

I  what  does  that  represent  ? 

/  A.  That  is  a  model  of  a  weight  and  the  cylinder  in  which 

/  it  falls,  used  by  Watt  and  others  for  opening  a  2)uppet- 

/  valve. 

/  Q.  State  in  what  particulars  you  find  the  dash-j^ot  and 


weiffht  to  be  siibstantiallv  alike  or  substautiallv  different  1452 
from  the  dash-pot  used  by  the  defendants  and  the  dash-pot 
described  in  Sickels’  patent  'i 

A.  I  don’t  think  it  is  at  all  like  either  of  them.  It  is  de¬ 
scribed  clearly  enough  that,  as  this  weight  descends,  the  pas¬ 
sage  of  water  from  one  side  to  the  other  of  the  weight  is 
always  the  same.  There  is  no  alteration  in  the  flow  ;  and, 
as  this  plunger  goes  towards  the  bottom  of  the  cylinder,  it 
never  shuts  up  or  gradually  contracts  the  aperture,  so  as  to 
check  the  flow  of  the  water;  and,  in  all  the  drawings  of  1453 
plug-tree  arrangements  that  I  have  ever  seen,  the  weight  is 
never  brought  up  by  the  water,  but  is  brought  up  by  a  1 
toggle-joint  in  the  plug-frame  itself.  The  weight  does  not  \ 
fetch  up  the  valve,  but  the  valve  does  the  weight.  In  this  \ 
dash-j^ot  of  IT att’s  I  And  by  the  drawing's  that  the  weight  \ 
cannot  possibly  come  to  the  bottom ;  and  another  good  ' 
reason  for  showing  why  it  could  not  have  been  so  is,  that 
there  is  a  small  valve  opening  inwards,  the  object  of  which 
is  to  let  the  water  in,  so  as  to  raise  the  weight  easily.  If 
the  weight  fell  down  to  the  bottom,  it  would  shut  the  valve  1454 
so  that  it  could  not  open  when  the  weight  began  to  rise. 

Q.  Will  you  explain  to  the  jury  the  difference  which  you 
And  between  the  arrangements  used  by  Watt  and  the 
plaintiffs’  and  defendants’  ? 

A.  One  single  point  that  makes  them  entirely  different 
is  that  in  AVatt’s,  the  mechanism  which  moves  the  valve  is 
never  latched  fast  to  the  valve.  Tlie  valve  does  not  follow 
that  mechanism.  There  are  a  series  of  blows  hit  upon  the 
valve-gear  by  the  plug-frame,  and  the  valve-gear  caimot  be 
latched  fast  to  the  plug  frame  ;  ff)r,  if  it  were,  it  would  tear 
the  valve  out  of  the  valve-  diest.  1455 

Q.  Have  von  anv  recollection  from  the  book  when  the 
governor  was  first  applied  to  the  cut-off-valves  of  steam 
engines  ? 

A.  It  was  applied.  I  know,  from  the  description  of  it, 
from  1830 ;  I  think  it  was  before  1820  ;  the  governor  has 
been  applied  and  recommended  to  be  applied  to  the  cut-off 
in  steam-eno'ines  in  a  orreat  many  different  wavs.  Tliis  work 
of  Lardmr''s^  published  in  1840,  says,  at  page  234  : 


*•  The  great  advantages  in  the  economy  of  fuel,  resulting  from  the  applica¬ 
tion  of  the  expansive  principle  have,  of  late  years,  forced  themselves  on  the  1456 
attention  of  engineers,  and  considerable  improvements  have  been  made  in  its 
application,  especially  in  the  case  of  marine  engines  used  for  long  voyages,  in 
which  the  economy  of  fuel  has  become  an  object  of  the  last  importance.  The 
mechanism  by  which  expansive  slides  are  moved  is  made  capable  of  adjust¬ 
ment,  so  that  the  part  of  the  stroke  at  which  the  steam  is  cut  off,  can  be 
altered  at  pleasure.  The  working  power  of  the  engine,  therefore,  instead  of 
being  controlled  by  the  throttle- valve,  is  regulated  by  the  greater  or  less  ex¬ 
tent  to  which  the  expansive  principle  is  applied.  Steam  of  the  same  pressure 
is  admitted  to  the  cylinder  in  all  cases ;  hut  it  is  cut  off  at  a  greater  or  less 
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1457  portion  of  the  stroke,  according  to  the  power  which  the  engine  is  required  to 
exert. 

(96.)  Effect  of  connecting  the  G-overnor  with  the  Slide. — The  last  de¬ 
gree  of  perfection  has  been  conferred  on  this  principle  by  connecting  the  gov¬ 
ernor  with  the  mechanism  by  which  the  slide  is  moved,  so  that  the  governor, 
instead  of  acting  on  the  throttle-valve,  is  made  to  act  upon  the  slide.  By  this 
means,  when,  by  reason  of  any  diminution  of  the  resistance,  the  motion  of  the  en¬ 
gine  is  accelerated,  the  balls  of  the  governor  diverging  shift  the  cam  or  lever 
which  governs  the  slide,  so  that  the  steam  is  cut  off  after  a  shorter  portion  of 

1458  stroke,  the  expansive  principle  is  brought  into  greater  play,  and  the  quan¬ 
tity  of  steam  admitted  to  the  cylinder  at  each  stroke  is  diminished.  If  on 
the  other  hand  the  resistance  to  the  machine  be  increased,  so  as  to  diminisli 
the  velocity  of  the  engine,  then,  the  balls  collapsing,  the  levers  of  the  governor 
shift  the  cam  which  moves  the  slides,  so  as  to  increase  the  portion  of  the 
stroke  made  by  the  piston  before  the  steam  is  cut  off,  and  thereby  to  increase 
the  amount  of  mechanical  power  developed  in  the  cylinder  at  each  stroke.” 

Q.  Do  you  see  any  difficulty  in  applying  the  governor  to 

1459  Sickels’  cut-off  ? 

A.  I  see  none,  sir.  I  have  seen  drawings  of  the  different 
methods  of  applying  the  governor  to  certainly  as  many  as 
a  dozen  different  kinds  of  cut-off,  that  have  been  adjustable, 
by  making  the  governor  adjust  them,  instead  ot  a  man  do¬ 
ing  so  by  hand 

Q.  Suppose  the  governor  be  connected  to  this  sector, 
or  to  a  horizontal  sliding-piece  having  an  inclined  groove 
in  it  ? 

1460  A.  It  would  raise  and  lower  as  the  governor  changes  its 
velocity.  As  the  balls  rise  or  fall,  they  would  change  the 
position  of  this  small  slide,  and  that  would  change  the 
point  at  which  the  steam  Avould  be  cut  off.  And,  in  refer¬ 
ence  to  that,  I  would  like  to  say,  that  the  governor  is  never 
automatic.  Perhaps  I  do  not  express  myself  properly ;  but 
I  mean  to  say  that  the  governoi-,  and  consequently  the  en- 
o-ine,  must  change  its  number  of  revolutions,  in  any  of 
these  contrivances,  before  it  can  act  upon  the  adjustable 

1461  cut-off.  The  engine  cannot  be  made  to  move  with  perfect 
regularity,  because  the  difficulty  must  occur  before  the  gov¬ 
ernor  can  apply  the  remedy. 

(Witness  illustrated  on  the  defendants’  model.) 

Q.  Will  there  be  any  material  difference  in  the  sensi¬ 
bility  of  the  governor,  applied  to  Sickels’  in  the  mpner 
that  !  pointed  out  and  the  manner  in  which  it  is  applied  in 
the  delendants’  ? 

1462  A.  I  do  not  think  there  would  be.  AVith  the  workman¬ 
ship  being  equal,  the  balance,  if  anything,  would  be  in 
favor  of  Sickels’. 

Q.  That  is,  Sickels’  would  be  the  most  sensitive  ^ 

A.  Yes.  Sickels’  valves,  for  a  given  sized  engine,  I 
think  would  weigh  a  great  deal  less  than  that  weight  which 
hangs  upon  the  valve-stem  in  the  defendants’  engine  j  and 
both  valves  have,  in  one  respect,  the  same  peculiarity,  that 
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is,  they  are  placed  on  their  seats  by  the  stem  before  you,  1463 
and  they  are  both  relieved  as  soon  as  you  commence  to 
open  them ;  and  in  that  respect  they  are  the  same. 

Q.  That  sector,  or  horizontal  slide  with  a  wedge-like 
groove,  (on  the  black  model  of  plaintiffs’),  as  a  means  of  ad¬ 
justing  pieces  of  mechanism  and  holding  them — is  it  a  sub¬ 
stantial  difference,  or  a  mechanical  equivalent  for  the  set¬ 
screw  ? 

A.  In  some  respects  it  is  different,  and  in  some  equivalent. 

It  is  an  equivalent  so  far  as  it  holds  it  and  allows  it  to  be 
held  in  any  given  place  ;  but  it  is  not  an  equivalent  so  far 
as  it  moves  the  inclined  planes  when  motion  is  communi¬ 
cated.  "  .  1464 

Q.  Does  the  substitution  of  that  for  the  set-screw,  and  the 
connection  of  the  governor  -with  it,  involve  the  original 
combination  of  Sickels’  trip,  or  does  it  destroy  that  original 
combination  ? 

A.  It  involves  the  original  combination.  The  original 
combination  is  a  combination  for  tripping  the  valve  and  fcr 
checking  its  closing.  That  combination  remains  precisely 
the  same,  whether  you  move  that  inclined  plane  by  a  gov¬ 
ernor,  or  whether  you  move  it  by  hand,  or  put  a  screw  to 
move  it,  or  ten  thousand  ways  in  which  you  might  move  1455 
that  inclined  plane,  which  would  not  alter  the  tripping  of 
this  valve  or  the  regulation  of  the  closing  of  it. 

Q.  Assuming  this  to  represent  a  puppet-valve  of  sufficient 
size  for  a  twenty-horse  power  engine,  what  would  be  about 
its  weight,  compared  with  one  of  the  weights  on  the  de¬ 
fendants’  engine  ? 

A.  I  do  not  know  what  power  this  weight  is  made  to 
bear,  but  this  would  only  weigh  3  or  4  lbs.,  and  I  suppose 
that  this  trap  (defendants’  jol^nger)  weighs  60  or  TO  lbs. 

The  weight  upon  the  catches,  as  far  as  I  can  see,  would  be 
far  greater  in  the  defendants’  engine  than  in  the  plaintiffs’,  4466 
provided  one  was  used  with  these  kind  of  valves,  and  the 
other  was  used  with  puppet-valves. 

Q.  Is  it  an  advantage,  in  an  engine,  to  cut  off  beyond  lialf- 
stroke  as  well  as  within  half-stroke  ? 

A.  Yes. 

Q.  For  instance j  where  you  have  machinery  that  requires 
a  gi’eat  deal  of  power,  that  only  requires  to  be  worked 
occasionallv  in  the  coui’se  of  the  dav,  when  that  machinerv 
is  off  you  cut  off  shorter,  and  you  accumulate  the  power  in 
the  boiler. 

A.  T  es. 

Q.  And  when  the  time  arrives  for  throwing  on  that  heav}* 
machinery,  you  can  then  work  at  more  than  half-stroke  ? 

A.  Yes,  or  with  the  same  sized  engine  you  can  do  a 
greater  amount  of  work.  A  man  might  have  an  engine^ 
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1467  cutting  off  at  lialf-stroke,  too  small  to  do  liis  work,  and,  by 
varying  the  cnt-off  a  little  longer,  tlie  engine  would  have 
power  enough. 

Tlie  Court  then  adjourned  to  January  10th,  1855,  at  11 
o’clock,  A.M. 

January  10th,  1855,  11  o’clock,  A.  M. 

The  re-examination  of  the  witness,  Henry  B.  Renwich, 
was  resumed. 

Q.  When  you  examined  the  defendants’  engine  at  work, 

1468  did  you  observe  whether  the  weight  was  sufficient  to  move 
tlie  valve  after  the  valve  was  closed  ? 

A.  I  did,  and  I  found  that  the  weight  was  sufficient. 

Q.  After  the  weight  has  been  checked,  if  it  continues  to 
move  the  valves,  is  that  any  evidence  that  the  weiglit  it¬ 
self  is  sufficient  to  move  the  valve  when  closed  ? 

A.  I  should  think,  very  good  evidence. 

Q.  Did  you  observe  any  indication  of  a  necessity  for  hav¬ 
ing  a  weight  as  heavy  as  that  which  is  used  in  the  engine  ? 

A.  One  of  the  weights  that  regulated  the  closing  of  the 

1469  valves  had  a  pig  of  lead  upon  it,  to  help  it  down  fast. 

Q.  A  weight  in  addition  to  the  iron  weight  ? 

A.  Yes. 

Q.  T^ow,  sir,  as,  in  the  plaintiffs’,  the  descending  weight 
is  checked  before  the  closing  of  the  valve,  and,  in  the  de¬ 
fendants’,  the  valve  is  closed  before  the  weight  is  checked, 
would  that  make  any  material  difference  in  cutting  otf 
steam,  in  practice  ? 

A.  I  do  not  think  that  the  interval  would  be  appreciable 

147 0  in  practice,  at  all ;  as  far  as  I  could  see  in  the  defendants’ 
machine,  I  am  by  no  means  certain  that  the  weight  does 
not  check  at  the  instant  of  closing,  because  I  could  not  see 
into  the  valve-chest,  and  I  do  not  know  what  marks  may 
have  been  jmt  on  by  the  maker ;  the  best  plan  is  to  check 
the  weight  at  the  instant  that  the  valve  is  closed,  as  near  as 
you  can  get  it,  in  both  cases. 

Q.  What  is  the  usual  proportion  of  tlie  lift  of  a  puppet- 
valve,  relative  to  its  diameter  ? 

A.  It  should  be  such  as  to  make  the  number  of  square 
inches  in  the  ring  which  will  be  measured  around  the 

1471  valve,  and  between  it  and  its  seat,  equal  to  the  number  of 
square  inches  in  the  valve.  For  instance,  a  ten-inch  valve 
would  have  an  area  of  78  inches,  and  ought  to  lift  about  24- 
inches  ;  it  would,  sometimes,  lift  further,  and,  sometimes 
less  ;  but  the  right  proportion  is,  to  open  sufficient  for  the 
area  of  the  valve. 

Q.  The  area  presented  by  the  circumference  around  the 
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rim  of  the  valve,  multiplied  b,y  its  height,  should  represent  1472 
the  number  of  square  inches  equal  to  the  hole  in  the  ]X)rt  ? 

A.  Yes. 

Q.  Is  there  any  difficulty,  in  working  puppet-valves,  in 
admitting  steam  with  sufficient  rapidity  at  the  time  of  start¬ 
ing? 

A.  Ko  ;  you  could  shape  your  toes  to  let  your  steam  on 
just  as  you  pleased ;  in  some  large  engines,  they  put  the 
steam  on  too  fast,  and  have  to  alter  the  toes,  not  to  lift  the 
puppet-valve  quite  as  swiftly. 

Q.  ITow*,  working  wnth  an  air  dash-pot,  instead  of  a  water  1478 
dash-pot,  which  would  be  most  likely  to  be  injured  in  its 
working,  by  dirt  clogging  the  parts  ? 

A.  The  air  dash-pot  is  much  more  liable  to  injury,  as  I 
saw  it  upon  the  defendants’  machine  ;  the  dash-pot  is  close 
to  the  floor,  and  has  that  little  aperture  in  the  bottom,  and, 
also,  a  little  hole  in  the  side ;  and,  as  the  plunger  or  weight 
comes  up,  it  is  apt  to  draw'  up  small  particles  of  dust,  shav¬ 
ings  or  dirt ;  the  person  working  the  engine  spoke  of  an¬ 
noyance  from  that  cause,  and  T  saw'  a  strong  current  from 
the  room  into  these  little  holes. 

Q.  Would  it  be  likely  to  clog  the  working  of  the  1474 
plunger  ? 

A.  Yes. 

Q.  Are  you  acquainted  wdth  the  two  patents  granted  to 
Corliss,  and  put  in  evidence  here  ? 

A.  I  have  examined  them  both  in  the  Patent  Office. 

Q.  Will  you  state  whether  the  patent  of  1849,  re-issued 
in  1851,  relates  to  the  mode  of  applying  the  governor,  as 
arranged  in  this  model  here,  (defendants’?) 

A.  JSTo,  sir,  not  at  all  like  it. 

Q.  Will  you  point  out  to  the  jury  how  it  differs  from  that 
in  the  defendants’  machine  ?  1475 

[Witness  compared  the  dfawings  attached  to  the  patents 
with  the  model  of  the  defendants’  apparatus,  and  illustrated 
the  difference.] 

Q.  Does  that  drawing  describe  and  represent  the  wu’ist- 
plate  for  moving  the  valves,  as  represented  in  the  defend¬ 
ants’  model  ? 

A.  Yes,  substantially  the  same  as  it  is  here. 

Q.  Are  the  lifters,  in  the  form  of  hook-rods,  for  the  pur¬ 
pose  of  engaging  and  disengaging  the  valves  ?  1476 

A.  ]^^o,  sir,  there  is  nothing  of  that  kind. 

Q.  Then,  in  that  patent,  the  motion  which  is  imparted  to 
the  lifters  by  the  w^rist-plate,  has  nothing  to  do  with  the 
disengagement  of  the  catch  for  tripping  the  valve  ? 

A.  ]No,  sir. 

Q.  Now,  sir,  looking  at  the  second  patent  granted  to 
Corliss,  what  was  that  for  ? 


147fr  A.  It  says :  “  My  improvement  lias  reference  to  that 
/  “  class  of  cut-off-valve  motions,  in  which  the  connection  be- 
/  “  tween  the  valve,  and  the  eccentric  or  the  equivalent 

I  “  thereof  which  opens  the  valve,  is  broken,  to  allow  the 
valve  to  move  independently  of  the  eccentric,  and  close 
its  steam-port  before  the  piston  has  completed  its  stroke  ; 
and  my  improvement  consists  in  effecting  this  disconnec- 
\  tion  of  the  valve  and  the  eccentric-gear,  or  the  equivalent 
\  thereof,  by  imparting  to  the  lifting-rod  a  lateral  move- 

14¥8“ment,  which  is  limited  and  controlled  by  an  adjustable 
/  stop  and  spring,  so  that  the  lifting-rod  not  only  performs 
/  the  duty  usually  imposed  upon  it,  of  opening  the  valve, 
but  also  performs  the  office  of  a  catch  or  latch,  in  con- 
necting  and  disconnecting  the  valve  with  the  eccentric- 
\  gear.” 

V  Q.  What  I  want  to  know  is,  whether  the  wrist-plate, 
with  the  connecting-rods  or  lifters,  is  not  to  be  found  in 
both  those  patents  ? 

1479  A.  It  is. 

Q.  Li  which  of  the  patents  is  it  that  those  lifters  are 
modified  with  a  view  to  disengage  the  valves  and  trip 
them  ? 

A.  The  lifters  are  modified  so  as  to  disengage  the  valve, 
in  the  second  patent ;  the  drawing,  in  the  second  patent,  is 
substantially  like  the  engine  of  the  defendants. 

Mr.  Blatchford:  The  drawing  in  that  patent  is  substan¬ 
tially  like  this  model  ? 

A.  The  valve-gear  is  substantially  like  it ;  the  valves  are 

1480  Seaward  valves  in  the  drawing,  and  thei^  is  an  arm  inside 
of  the  valve-stem,  to  take  hold  of  the  valve ;  but  the  ar¬ 
rangement  for  cut-off’  is  substantially  the  same. 

Mr.  Keller. — -Q.  It  is  applied  to  straight  slide,  instead  of 
]*otating  valves  ? 

A.  Yes. 

Q.  In  either  of  those  patents  is  there  any  claim  to  the 
dash-pot  working  with  air  ? 

A.  No,  sir.  The  air -dash-pot  is  described  in  the  second 

1481  patent,  if  I  remember  right. 

Mr.  Blatchford. — Q.  There  is  no  claim  to  it  in  either 
patent  ? 

A.  There  was  no  claim  made  to  it  originally,  and  cer¬ 
tainly  there  was  none  granted,  for  there  is  none  here. 
There  is  no  governor  mentioned  in  the  second  patent.  It 
may  be  in  the  description  :  This  sliding-rod  6^,  in  the  ex- 
amples  represented  in  the  drawing,  is  constructed  to  be 
moved  by  hand,  through  the  intervention  of  a  rack 
and  worm  jp ;  the  last  of  which  is  turned  by  hand,  to  ^ 
screw  up  or  screw  down  the  sliding-rod  ;  but  the  sliding- 
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rod  G  may  be  moved  by  tlie  engine  itself,  by  connecting  1482 
“  it  with  the  slide  of  tbe  governor,  so  that  as  the  latter  is 
‘‘  moved,  tlie  point  at  which  the  cut-otf  is  elfected  will  be 
“  varied.” 

Mr.  Keller. — Q.  AVhen  that  sliding-rod  is  moved  up  and 
down,  with  a  screw,  by  hand,  will  it  regulate  the  engine  ? 

A.  Yes. 

Q.  I  mean  would  it  be  an  automatic  regulation  i 

A.  Xo,  sir ;  because  a  man  will  have  to  stand  there  and 
move  it.  An  engine  will  cut-off  just  the  same  if  you  put  a 
man  there  instead  of  a  governor.  The  hook-rod  arrange- 1483 
ment  for  lifting  and  tripping  the  valves  and  closing  the 
port  will  be  the  same. 

Q.  How  will  the  regulation  in  that  respect  differ  from 
Sickels’  ? 

A.  It  would  be  just  the  same. 

Q.  With  regard  to  the  patent  put  in  evidence  yesterday, 
granted  to  Sickels  in  1845,  will  you  explain  to  the  jury  any 
difference  that  you  find  between  the  black  model  of 
Sickels’  apparatus,  furnished  by  the  plaintiffs,  and  the 
mahogany  model  produced  by  the  defendants,  so  far  as  1484 
regards  the  action  of  the  springs  upon  the  adjustable 
slide  ? 

A.  On  this  mahogany  model,  this  valve -stem  is  not  suf¬ 
ficiently  wide ;  and,  when  the  springs  are  open,  and  held 
apart  by  the  stem,  it  does  not  hold  them  sufficiently  far 
apart  to  permit  the  springs  to  clear  the  inclined  plane  upon 
the  downward  stroke,  which  would  give  a  slight  check  to 
the  governor ;  but,  in  Sickels’  arrangement,  as  shown  on  the 
black  model,  the  valve-stem  is  wide,  and,  when  the  valve  is 
tripped,  the  springs  do  not  touch  the  inclined  plane.  1485 

Q.  Will  you  explain  to  ti^|jury  from  this  model,  and  the 
patent  of  1845,  what  the  feam’e  of  that  invention  is  ? 

A.  The  best  way  would  be  first  to  show  what  the  diffi¬ 
culty  was.  We  will  suppose,  in  this  model  of  Sickels’  (and 
I  think  the  same  feature  will  be  found  in  Corliss’,)  that  we 
want  to  cut  off  just  before  we  get  to  half-stroke.  In  that 
case,  if  I  shove  this  inclined  plane  up  so  as  to  cut  oft*  just 
before  we  get  to  half-stroke,  it  may  happen  that  I  will  not 
throw  the  springs  out  far  enough.  In  order  to  get  rid  of 
that  difficulty,  Mr.  Sickels  contrived  thi#  plan,  by  which  1486 
he  knocked  the  latch  out,  or  the  s])ring  which  opens  the 
valve,  ™  same  as  in  this  from  the  De  Laine  Mills,  which 
latches  the  spring  fast  to  the  lifter. 

Q.  What  was  the  patent  of  1852  granted  to  Mr.  Sickels 
for  ? 

A.  ITiat  Avas  granted  for  a  difterent  way  of  getting  over 
the  same  difficulty.  In  balanced  puppet-A^alves  the  chief 
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'  '  1487'  power  is  required  to  move  them  at  the  moment  of  starting, 

and  of  course  the  latch  that  would  hold  it  well  after  it  is 
\  first  started  might  he  made  so  delicate  that  it  would  not 

start.  Mr.  Sickels  made  the  latch  strong  enough  to  start 
the  valve  from  its  seat.  Just  after  the  valve  was  started 
he  shoved  the  latch  out  a  little  way,  and  left  it  then  to  hold 
in  just  enough  to  support  it ;  so  that  the  travel  across  the 
inclined  plane  would  knock  it  out,  and  enable  him  to  cut 
oif  at  half-sti’oke. 

Q.  Are  these  two  patents  of  Sickels’  for  the  same  inven- 
1488  tion,  to  apply  the  same  purpose,  as  the  patent  of  1842,  or 
for  an  improvement  upon  it  ? 

A.  They  are  for  improvements.  I  have  always  con¬ 
sidered  them  upon  that  plan — to  arrive  at  ways  of  unlatch¬ 
ing,  to  get  over  certain  difficulties. 


On  being  cross-examined^  the  witness,  ITenky  B.  Een- 
wrcK,  testified  as  follows : — 

Q.  Were  you  Examiner  in  1845  i 
A.  No. 

Q.  Were  vou  in  1849  i 
A.  Yes. 

1489  Q.  In  issi  nnd  1852  ? 

A.  No,  sir,  I  think  I  left  in  January,  1852  or  1853. 

Q.  Were  you  Examiner  when  this  patent  of  Sickels  of 

1852  was  passed  ? 

A.  Yes;  in  1853  I  must  have  left. 

Q.  Do  you  consider  the  difference  between  the  apparatus 
described  in  the  patents  of  1842,  1845  and  1852  substan¬ 
tially  sufiicient  to  warrant  the  granting  of  patents  for  those 
subsequent  descriptions  ? 

A.  Yes.  The  patent  law' says - 

Q.  I  ask  you  your  opinion  ? 

A.  And  I  have  given  it.  1  will  tell  you  my  reasons. 
The  patent  law  says  we  must  patent  original  inventions  and 
all  improvements  thereon. 

1490  Q-  Is  there  anything  in  these  patents  of  1845  or  1852,  as 
I  to  their  being  improvements  upon  the  invention  of  1842  ? 

A.  I  do  not  know,  but  if  you  will  hand  me  the  patents  I 
will  see. 

Q.  You  can  do  that  presently.  Were  you  acquainted 
with  the  patents  granted  to  Sickels  while  you  were  Ex¬ 
aminer  ? 

A.  Yes,  sir,  1  was. 

Q.  I  want  to  know  if  you  knew  of  them  in  1849,  and 
were  acquainted  with  them  ? 

A.  I  could  not  know  the  patent  of  1852  in  1849. 

Q.  I  mean  the  patents  of  1842  and  1845  ? 
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A.  Yes.  1491 

Q.  I  will  ask  you  if  this  model  rloes  iiot  represent  the  ap¬ 
paratus  described  in  the  Corliss  patent  of  1 851 ,  connectine: 
the  slide  with  the  slide  of  the  governor  { 

A.  Xo,  sir,  there  is  no  representation  in  the  patent  ? 

Q.  I  say  the  model  ? 

A.  It  represents  the  same  apparatus — not  with  the  slide, 
hut  with  the  governor. 

Q.  Do  you  find  in  the  Corliss  patent  of  1849  any  descrip¬ 
tion  of  slides  or  cams,  connecting  with  the  sliding  sleeve  of 
the  governor,  which  do  not  revolve  ?  1 492 

A.  I  think  there  is. 

Q.  Will  you  read  it  ( 

A.  It  is  as  follows  :  I  do  not  limit  myselt'to  the  use  of 
“  the  particular  kind  of  cams  described  or  represented  ;  as 
the  form,  position,  and  operation  of  these  may  be  greatly 
‘‘  varied  without  changing  the  principle  of  this  part  of  my 
invention  ;  as,  for  instance,  stops  or  cams  connected  with 
‘‘  the  slide  of  the  governor  by  levers,  may  be  made  to  slide 
“  in  the  direction  of  the  plane  of  motion  of  the  valve-rods, 

“  to  vary  the  23eriods  of  liberating  the  catches  of  the  valve- 
rods ;  or  wedge-formed  stops  or  cams  may  be  substituted  1493 
for  the  helical  cams,  and  attached  to  tlie  cam-rod,  Avhich, 
ill  that  case,  must  not  turn.” 

Q.  You  say  that  dirt  and  other  substances  may  be  thrown 
into  the  air-reservoir.  Do  voii  find  no  difiicultv  in  the  use 
of  water  in  the  water  dash-pot  ( 

A.  I  have  never  found  anv,  sir. 

Q.  Will  not  the  water  evaporate  soon  ^ 

A.  It  could  not  very  well  get  out  of  the  pot,  because  it 
is  shut  up  tight. 

Q.  Is  it  always  shut  up  tight  (  1494 

A.  In  all  the  dash-jiots  that  I  have  seen. 

Q.  Is  it  not  placed  near  the  engine,  in  a  warm  position? 

A.  Yes,  but  you  cannot  get  steam  out  of  the  dash-pot, 
for  there  is  no  hole  for  it  to  get  out  of; 

Q.  Is  there  not  a  hole  constructed  in  the  side  of  the  dash- 
pot  ? 

A.  Yes,  but  it  is  shut.  In  the  general  arrangement,  as  I 
know  them,  the  dash-pot  is  tight  and  jilaced  above  the 
valve.  Tliere  is  a  tight  stufling-box  below. 

Q.  And  the  dash-pot,  as  constructed  upon  the  black  1495 
model — where  is  it  placed  ? 

A.  That  is  placed  under  the  valve ;  I  cannot  see,  in  this 
model,  whether  there  is  a  stufting-box,  or  not. 

Q.  Will  not  steam  sometimes  pass  through  those  stutfing- 
])oxes? 

A.  Yes ;  but  there  will  be  always  less  pressure  in  the  dash- 
pot  than  there  is  in  the  boiler  ;  and  the  steam  would  tend 
39 
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1496  to  come  into  the  valves,  and  let  water  in  instead  of  letting 
it  out. 

Q.  Would  it  not  till  it  too  full  'i- 
A.  1^0. 

Q.  Yon  do  not  think  it  necessary  to  have  it,  then,  only 
two-thirds  full  ? 

A.  I  do  not  think  that  a  special  distance  of  height  has 
anything  to  do  with  it. 

Q.  Have  you  ever  known  one  long  in  practical  use  ? 

A.  In  reference  to  your  previous  question  I  would  say, 

1497  that  I  never  opened  one  to  look  in,  to  ascertain  exactly  how 
liigh  the  water  was. 

•  Q.  Do  you  know  practicall}'  whetlier  engineers  find  diffi¬ 
culty  in  the  use  of  them,  or  not. 

A.  I  do  not  think  they  do  now. 

Q.  Do  you  know  practically  ? 

A.  I  cannot  say  practically,  because  I  have  not  looked 
into  them ;  hut  I  liaA^e  not  heard  any  complaints,  and  I  am 
in  the  way  of  hearing  these  things  every  day. 

Q.  This  air  cylinder  of  Corliss’  is  placed,  of  course,  near 

1498  the  engine? 

A.  Yes. 

Q.  Then,  dust  or  other  substances  that  would  be  drawn 
into  the  cylinder  would  also  get  into  the  working  parts  of 
the  engine — would  they  not  ? 

A.  There  is  no  current  to  draw  them  into  the  working 
parts  of  the  engine,  but  there  is  into  the  dash-pot. 

Q.  Could  it  not  be  covered  to  prevent  that? 

A.  As  I  have  seen  it  practically  arranged  ;  I  limited  my 
answer  especially  to  that  point. 

1499  Q.  Would  it  not  be  negligent  in  an  engineer  to  suffer 
substances  to  be  drawn  up  ? 

A.  Ho,  he  cannot  help  himself.  In  Corliss’,  as  I  have 
seen  it  working,  there  is  nothing  to  prevent  substances 
being  drawn  up  ? 

Q.  Do  you  think  it  the  duty  of  the  engineer  to  keep  the 
engine  in  order,  and  all  the  working  parts  of  it  ? 

A.  Yes ;  his  duty  would  lead  him  to  clean  it  out  after 
any  stuff  got  into  it. 

Q.  You  say  that  you  think  the  weights  cannot  be  worked 

1 500  with  straps  or  chains,  or  connections  that  are  not  rigid  ? 

A.  Practically,  yes,  sir. 

Q.  Do  you  know  whether  the  weiglit  was  ever  so  worked 
in  an  engine? 

A.  I  do  not  know  of  any  weight  having  been  so  worked, 
until  one  of  you  gentlemen  spoke  of  a  boy  who  fastened 
strings  to  open  the  valves. 

Q.  In  an  engine  of  Watt’s  ? 

A.  I  do  not  know  in  Watt’s,  precisely.  Strings  were 


lirst  used  to  open  the  valves,  but  they  got  rid  of  tlieni  and  1501 
put  in  a  solid  plug  frame  very  soon  after. 

Q.  I  am  speaking  now  of  the  weights  attached  to  the 
arms,  which,  in  the  model  we  have  here,  serve  to  open  the 
valve.  Will  vou  read  this  description  from  Farey^ 

529  ? 

A.  It  is  as  follows : 


“  In  Mr.  Watt’s  first  engines,  the  rods  4  and  15,  to  which  the  weights  of  the 
working-gear  are  applied,  were  connected  at  their  lower  ends,  with  the  ends  ^  ^ 
of  horizontal  pieces  of  wood,  the  other  ends  of  which  rested  upon  centre  pins,  loO^ 
in  the  manner  of  horizontal  levers  or  like  the  treadles  of  a  loom ;  and  large 
iron  weights  were  applied  upon  the  treadles,  to  aid  their  own  weight  in  draw¬ 
ing  down  the  rods  4  and  15,  in  order  to  open  the  valves  ;  these  weights  could 
be  moved  along  the  treadles,  to  a  greater  or  the  lesser  distance  from  their 
centres  of  motion,  so  as  to  act  with  any  required  degree  of  force  upon  the 
working-gear. 

These  treadles  were  placed  beneath  the  floor  over  the  condensing  cistern, 
and  check-straps  were  applied  to  them,  to  limit  the  distance  to  which  they 
should  fall,  and  consequently  to  regulate  the  extent  of  the  opening  of  the  ^ 
valves.  The  lower  ends  of  these  check-straps  were  pa^-^ed  through  loops, 
which  were  fastened  to  the  treadles  ;  and  the  upi)er  ends  of  the  straps  were 
passed  through  similar  loops,  which  were  fixed  to  the  posts  for  the  working- 
gear,  as  is  shown  in  the  sketch,  p.  524  ;  the  ends  of  the  straps  were  united 
together  by  buckles,  by  which  the  lengths  of  the  checks-traps  could  be  regu¬ 
lated  at  pleasure,  in  the  same  manner  as  the  stirrups-leathers  of  a  saddle  are 
adjusted.  The  check-straps  were  intended  to  stop  the  motion  of  the  falling 
weiglits,  and  avoid  noise  or  concussion ;  but  a  better  plan,  called  the 
plunger  weights,  was  afterwards  adopted.”  1504 

Q.  Does  not  that  describe  the  use  check-strajts  for  the 
])urpose  of  arresting  the  weights  ? 

A.  'No,  sir  ;  there  is  no  detaching  by  check-straps. 

Q.  Does  it  not  describe  the  use  of  check-straps,  for  tiie 
purpose  of  arresting  the  weight  that  holds  the  valve  ( 

A.  It ‘describes  a  strap  for  stopping  tlie  weight  as  it  is  fall¬ 
ing.  The  weight  is  connected  witli  the  valve  by  a  ria:id  connec¬ 
tion,  and  not  by  a  strap  on  one  end  of  a  lever.  The  weight 
falls  into  a  strap.  The  strap  was  intended  to  answer  the 
same  purpose  with  that  carpet  machine. 

Q.  Does  it  not  describe  the  use  of  a  strap,  for  the  pur¬ 
pose  of  checking  the  weight  i! 

A.  The  weight  falls  into  the  stra}).  1505 

Q.  Will  you  examine  plates  11  and  13  oi  Favey^  and  say 
whether  they  represent  a  valve-gearing  similar  to  that  u])on 
Watt’s  model  i 

A.  Xo,  sir;  I  do  not  see  any  valve-gearing  here.  There  are 
different  forms  of  plug-tree  cut-offs,  but  I  do  not  see  any¬ 
thing  like  that  in  the  model.  1  expect  it  is  more  clearly 
represented  in  Tredgold. 

Q.  (Handing  diagram,)  Here  is  a  c<>py  from  Tredgold. 

A.  That  is  correct,  with  the  exception  of  the  water-mark. 

Q.  Is  the  weight  represented  as  falling,  in  the  plate  of 
Farey. 


1500  A.  I  cannot  tell  without  reading  the  description.  It  de- 
jjends  upon  whether  the  port  is  now  open  or  shut. 

Q.  Is  there  any  dash-pot  represented  there  ? 

A,  Ao,  sir;  I  do  not  see  any  sign  of  one. 

Ah  Yon  stated  yesterday,  that  yon  thought  this  valve-gear¬ 
ing  of  AYatt  could  iiot  he  used  upon  an  engine  making 
more  than  seven  to  ten  revolutions  a  minute. 

A.  I  said  it  could  not  be  used  to  any  good  effect.  This 
kind  of  valve-gear  in  Watt’s  model  is  entirely  out  of  use, 
except  in  slow  pumjung  machines.  Ithas  been  abandoned 
for  probably  fifty  years. 

15(lT  Q.  Do  you  consider  this,  as  represented  upon  plate  11  in 
Fdiveif^  as  substantially  the  same  I 

A.  It  appears  to  me  so.  I  cannot  tell,  without  going  into 
a  minute  examination  of  it. 

Q.  In  ])late  11  it  was  a  rotating  engine  ^ 

A.  Y  es.  AV att,  as  soon  as  he  began  to  move  his  engines 
with  speed,  got  up  a  different  kind  of  valve-gear. 

Q.  Will  you  look  at  page  1:61  of  Farey^  that  refers  to 
plates  11,  12  and  18,  and  read  the  paragraph  describing  the 
invention  of  that  engine  i 
1508  A.  It  is  as  follows  : 


“  At  the  first  commencement  of  the  action,  the  piston  moves  but  slowly, 
because  the  inertiae  of  the  fly-wheel,  as  well  as  the  resistance  of  the  mill- 
work,  is  opposed  to  the  motiou ;  but  as  the  action  goes  on,  each  succeeding 
half-stroke  is  performed  in  less  and  less  time,  giving  the  fly-wheel  an  accele¬ 
rating  velocity,  until,  in  about  three  or  four  strokes,  the  full  velocity  will 
usually  be  attained,  and  then  the  motion  of  the  fly-wheel  continues  to  be 
nearly  uniform.  In  a  10  horse  engine,  this  motion  is  at  the  rate  of  25  strokes 
1 509  minute,  and  the  fly-wheel  makes  50  revolutions  per  minute ;  a  20  horse 
engine  makes  21  1-2  strokes  per  minute,  and  the  fly-wheel  43  revolutions 
per  minute  ;  and  a  40  horse  engine  makes  17  1-2  strokes  per  minute,  and  the 
fly-wheel  35  revolutions  pei-  minute.” 


Q.  In  Seaward’s  slides  were  not  tlie  steam  and  exhaust 
valves  connected  together  'i 

A.  I  think  not  altogether.  I  think  I  have  seen  a  drawing 
of  them,  where  they  were  moved  by  four  independent  ro¬ 
tating  cams.  They  were  moved  in  different  ways. 

Q.  As  represented  in  Tredgold  are  they  not  ? 

A.  That  I  cannot  tell  you  until  I  see  it. 

1510  Q.  You  do  not  remember  the  way  in  whicli  they  moved  '( 

A.  jYo  ;  I  know  they  liave  been  moved  in  different 
ways. 

Q.  In  the  extract  which  you  read  from  Lardner^  did  you 
find  anything  said  about  the  connection  of  the  governor 
with  Seaward’s  slide  ? 

A.  If  you  will  give  me  the  extract,  I  will  see.  I  think  it 
follows  the  description  of  Seaward’s  slide. 

Q.  Is  it  not  just  the  other  way  ?  Does  not  Seaward’s 


slide  follow  the  description  of  etfecting 


a  connection  with  1511 


the  governor? 

A.  It  does  here.  J  think  it  was  from  a  diiferent  page  I 
read  yesterday. 

Q.  You  spoke  of  the  cut-oils  with  wliich  the  governor 
was  connected.  TTow  old  were  tliose  that  you  had  in  your 
mind  ? 

A.  To  the  best  of  my  recollection  they  were  certainly 
before  1830.  I  think  I  knew  of  others  before  1820. 

Q.  Were  all  that  yon  had  in  your  mind,  previous  to 


1840 
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A.  I  think  they  Avere.  I  am  iiot  certain  about  that, 
because  there  Avere  several  of  them  in  one  number  of  a 
magazine.  Tliey  Avere  preAuous  to  1849,  Avhen  Corbss'  llrst 
patent  Avas  granted  ;  but  Avdiether  it  Avas  9  years  or  not,  I 
<lo  not  know. 

Q.  You  Avere  acquainted  AAuth  them  as  early  as  1849? 

A.  Yes. 

,  Q.  Do  you  refer  to  the  descriptions  in  the  old  books  ? 

A.  Yes. 

Q.  Will  you  name  one  of  them?  1513 

A.  One  was  described  in  a  number  of  Neioton/s  Journals 
by  Chiu-ch,  in  Av^hich  the  A^alve  acted  ujDon  Avas  a  sort  of 
disc- valve,  that  is,  it  was  a  slide-A^alve,  turning  in  that  AA^ay 
(illustrating.)  There  is  a  description  in  one  of  the  early 
editions  of  Tredgold^  Avhere  the  goA^ernor  acts  upon  the 
puppet-valve. 

Q.  Whose  invention  aa’us  that  ? 

A.  That  I  cannot  say. 

Q.  Was  it  known  as  Field’s  valve  ? 

A.  That  I  do  not  knoAA'.  I  cannot  tell  you  uoaa*.  If  1 1514 
had  that  edition  of  Tredgold,  I  could  find  it.  There  is 
one  described  in  the  Piiblicatim  Indtistriel,  in  AAdiich 
there  are  four  Cormsh  croAvn-valves. 

Q.  These  effected  an  adjustable  cut-off  ? 

A.  Yes. 

Q.  HaA^e  you  seen  a  check-ring  made  so  tight  that  they 
would  sometimes  stick  up  and  not  Avork  as  theA"  ouofht  to  ? 

A.  ^lo.  "  '' 


Q.  Have  you  eA^er  seen  them  in  oj^eration  ? 

A.  I  spoke  yesterday  about  that.  A  man  cannot  get 
inside  of  a  steam-chest,  AA’hen  the  engine  is  going.  It  is  1515 
A^ery  difficult  to  tell  about  those  things. 

Q.  Is  there  not  some  mode  of  detecting  the  operation  of 
these  valves  ? 

A,  Yes. 

Q.  I  refer  to  that. 

A.  Yes ;  they  may  be  so  made,  but  I  have  neA^er  seen 
one. 
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1516  Q.  Ill  tliis  patent  of  William  Garliii  that  you  examined 
yesterday,  do  you  find  any  description  of  the  steam-valve  ? 

A.  That  patent  is  very  badly  drawn.  He  calls  it  a 
throttle-valve,  I  think,  throughout.  I  did  not  read  it  with 
remarkable  care,  but  will  do  it  if  you  wish  me. 

Q.  “  A  new  and  improved  method  of  applying  valves  as 
throttle-valves  to  steam-engines”  ? 

A.  Yes,  sir. 

Q.  Will  you  illustrate  that  upon  the  model  ? 

(Witness  illustrated.) 

1517  Q.  Will  you  read  this  description,  and  see  what  lie  calls 
a  stem  ? 

A.  He  calls  that  piece  that  sticks  uj)  through  the  slot 
(showing  it.)  ' 

Q.  This  piece,  if  this  were  solid  'i 

A.  Yes. 

Q.  Su])pose  the  solid  jiiece  represented  by  that  which  is 
now  open,  and  the  sides  taken  away — is  that  what  he  calls 
a  valve-stem  ? 

A.  Yes. 

Q.  What  name  is  given  to  the  rod  through  which  the 

1518  valve-stem  enters  ? 

A.  He  calls  it  in  the  first  part  of  the  patent  ^h'od  (1.” 

Q.  What  does  he  call  it  in  the  claim  ? 

A.  A¥ith  the  rod  K.”  He  calls  it  “  rod  K.” 

Q.  Ho  you  find  any  other  name  ? 

A.  He  says:  “What  T  claim  as  my  invention,  is  the 
manner  of  connecting  the  valve  d  with  the  rod  K,  so  as  to 
adjust  itself  to  the  seat  (on  which  it  moves)  by  the  stem  h 
passing  up  or  down  through  the  slot  in  the  rod,  as  the  case 

1519  may  be,  the  wliole  combined  as  herein  set  forth.” 

Q.  That  corresjionds  with  that  rod  in  the  defendants’ 
model  ? 

A.  This  is  what  he  would  call  a  rod. 

The  Court. — ^Tlie  rock-shaft. 

A.  Yes,  sir.  It  performs  the  office  of  the  valve-stem, 
and  I  should  call  it  so. 

Mr.  Tenches. — Q.  In  the  tin  model,  (of  Watt’s  dash-pot,) 
is  the  position  of  the  valve  correctly  represented  ? 

1520  A.  If  you  give  me  the  drawing,  I  will  be  able  to  tell 
you.  (Inspecting  the  drawing.)  Yes,  it  it  as  near  as  it 
can  be  on  such  a  rough  model. 

Q.  Ho  you  understand  that  there  is  no  more  than  one 
aperture  described  in  Tredgold  f 

A.  I  do,  sir. 

Q.  Will  you  read  the  description  on  page  221,  vol.  1,  of 

Tredgold  f 

A.  It  is  as  follows  : 
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“  A  weight  u',  sufficient  to  overcome  the  friction  and  open  the  valve,  acts  1521 
by  a  short  arm  a  on  the  axis,  which  requires  to  be  turned  to  move  the  valve  ; 
the  weight  is  kept  suspended  by  a  spring  catch  b  while  tlie  valve  is  close,  and  j 

when  the  catch  is  disengaged  by  the  handle  c,  being  moved  by  the  tappet  d,  / 

the  valve  open||h.  If  the  valve  be  large,  it  requires  a  considerable  weight  w  j 

to  open  it  againw  the  pressure  of  the  steam ;  and  in  that  case,  either  the  valve  | 

described  in  art.  442,  or  Watt's  mode  of  relieving  the  pressure,  may  be  adopt-  \ 
ed.  It  will  naturally  be  inquired,  wliy  weights  are  raised  to  open  tlie  valves  \ 
instead  of  using  the  direct  power  of  the  beam.  The  only  reason  assigned  for 
so  doing  is,  that  a  weight  opens  a  valve  more  rapidly,  and  the  loss  by  closing  1^52^ 
them  slowly  was  not  quite  so  readily  detected ;  though  the  absolute  loss  is 
about  the  same,  and  the  practice  is  becoming  more  common  to  open  tliem  by 
direct  action. 

The  descent  of  the  weight  which  opens  a  valve  is  regulated  by  an  ingenious 
method ;  it  either  descends  into,  or  forces  a  piston  into  a  vessel  of  water, 

(see  C,  Fig.  3,  Plate  IX.)  while  the  aperture  by  which  the  water  escapes  from 
under  it  may  be  increased  or  diminished  at  pleasure  ;  the  weight,  therefore, 
acts  with  its  full  force  to  open  the  valve,  but  as  soon  as  it  begins  to  move,  it 
is  retarded  by  the  water,  till  it  be  finally  stopped.  During  the  ascent,  ^^^503 
valve  opens  inwardly  at  the  bottom  of  the  vessel,  and  therefore  the  engine  ' 
has  not  more  than  the  weight  to  raise  again.’' 


Q.  AVliat  aperture  tlu  yon  understand  to  be  lirj-t  referred 
to? 

A.  I  understand  lie  first  coniinences  bv  statino’  that  there 

fj  c? 

may  be  either  a  plunger — ^he  says  a  weight — to  descend 
into  the  vessel  of  water  itself,  or  it  forces  a  piston  into  that 
vessel  of  water.  He  gives  yon  two  alternatives  to  go  upon. 
Xow,  the  well-known  definition  of  a  piston  is,  that  it  is  to  fit 
the  vessel  tight  in  which  it  moves. '  If  the  weight  itself  des-  ^ 
cends  into  the  vessel,  the  water  escapes  around  the  sides ; 
and  if  a  piston  is  so  tight  below  the  Aveight  that  the  Avater 
is,  in  fact,  a  piston,  then  he  is  obhged  to  make  a  hole.  He 
does  not  speSk  of  two  holes. 

Q.  Where  is  the  position  of  the  A^aHe  indicated  in  the 
latter  part  of  that  description  { 

A.  At  the  bottom  of  the  A^essel. 

Q.  Ho  yon  nndei'stand  that  description  to  refer  to  tlie 
position  of  the  valve  in  the  midflle  ? 

A.  I  suppose  it  does. 

Q.  Head  the  description  from  Farcy.  })age.  53u.  1 

A.  It  is  as  folloAvs  : 


Plunger  weights  for  opening  the  valves,  are  eyliudiieal  weights  <>1  east 
iron,  which  are  fastened  upon  the  rods  4  and  15  of  the  working  gear,  so  that 
thefcentral  line  of  the  weight  corresponds  with  that  of  the  rod.  Each 
plunger  is  fitted  into  a  short  hollow  cylinder  like  that  ot  a  pump  barrel, 
which  is  fixed  down  in  the  condensing  cistern,  beneath  the  water.  The  lower 
end  of  each  barrel  is  closed,  but  the  bottom  has  a  hole  through  the  centre  c*f 
it,  which  is  covered  by  a  leather  clack-valve  opening  upwards.  This  clack  ’  ^ 
will  admit  the  waterireely  into  the  barrel  as  the  plunger-weight  is  raised 
upwards  in  it,  whilst  the  valves  are  closing  ;  but  when  the  plunger  is  left  to  fall 
suddenly  by  its  own  weight,  in  order  to  open  the  valves,  the  contained  water 
must  make  its  escape  out  of  the  bari’el.  Tlie  plunger  does  not  fill  the  barrel 
very  exactly,  but  a  sufficient  space  is  left  to  allow  the  water  to  squeeze  out 
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1527  S'J'Ound  the  plunger  on  all  sides  as  it  descends  ;  and  so  much  resistance'- is  thus 
opposed  to  the  descent  of  the  plunger,  as  will  give  it  a  suitable  motion  for 
opening  the  valves  quickly,/  and  yet  without  noise  or  concussion.  This 
method  allows  the  plunger-weights  to  be  made  so  heavy  that  they  can  have 
no  chance  of  sticking  or  failing  to  open  the  valves ;  andjte^t'they  will  act 
quietly,  and  without  shaking  and  deranging  the  working^^ar.” 

If  you  take  tlie  description  from  Farey^  it  will  be  there, 

Q.  With  the  description  c-f  a  valve  opening  inwardly  at 
the  bottom  of  the  vessel,  and  of  the  aperture  by  which 
water  escapes  from  under  the  plunger,  do  you  think  it 

1528  would  require  invention  to  construct  a  dash-pot  with  a 
valve  at  the  bottom  and  at  the  side '( 

A.  I  wish  to  state  first  what  I  stated  before,  that  there  is 
no  account  of  a  valve  and  an  aperture  in  this  book.  If  you 
make  Watt’s  dash-pot  exactly  like  Mr.  Corliss’  or  Mr. 
Sickels’,  of  course  there  would  be  no  invention  in  making 
Sickels’  or  Corliss’. 

Q.  Taking  that  description,  may  it  not  indicate  a  valve 
in  the  bottom,  througli  which  the  water  enters,  and  an 

152!)  aperture  through  whicii  the  water  escapes  ? 

A.  A"o :  because  lie  ^ives  vou  two  alternatives — one  is 
the  piston,  and  the  other  the  plunger.  There;  is  to  be  a 
passage  around  the  plunger  and  below  the  piston. 

Q.  Do  you  think  it  would  require  invention,  after  the 
description  just  read,  to  make  an  aperture  there? 

A.  I  do  most  certainly,  if,  in  closing  that  aperture  by  the 
descending  weight,  you  increased  the  resistance. 

Q.  How  do  you  understand  that  ajierture  may  be  increas¬ 
ed  or  diminished  at  pleasure  ? 

1530  A.  I  suppose  when  lie  conceived  a  piston  titting  tight,  so 
as  no  water  could  escape,  and  added  a  weight  upon  the  top 
of  that  piston,  he  had  a  hole  at  the  bottom,  with  a  cock  in  it. 

Q.  Would  you  not  get  that  idea  from  the  description,  if 
a  piston  were  used  ?  * 

A.  If  a  piston  were  used,  they  would  have  an  aperture 
at  the  bottom. 

Q.  And  you  would  get  that  from  T'r 

A.  Yes. 

Q.  Do  you  think  it  would  require  any  invention  to  put  a 
valve  in  the  bottom,  after  the  description  in  Tredgold  f 

1 531  A.  I  think  not ;  but  you  would  not  then  have  Sickels’ 
dash-pot. 

Q.  In  case  of  an  aperture  througli  the  side  of  a  vessel,  like 
this,  to  permit  water  to  escape  freely,  would  not  the  piston 
or  plunger  descend  freely  during  the  first  part  of  its  descent  ? 

A.  If  you  coniine  your  question  to  either  the  piston  or 
plunger,  as  they  act  differently,  I  will  give  you  an  answer. 

Q.  Take  a  weighted  piston  ? 

A.  If  you  have  a  tight  piston  moving  in  this  vessel  of 
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water,  and  the  water  escapes  freely  through  that  hole  as  the  1532 
piston  comes  down,  the  piston  will  descend  with  slightly 
increased  force,  forcing  the  water  out  of  the  hole. 

Q.  SupttDse  you  make  a  hole  large  enough  for  the  water 
to  escape  ireely  ? 

A.  Then  the  water  would  escape  fast. 

Q.  If  you  put  a  hole  at  the  side,  would  it  take  invention 
to  do  it  ? 

A.  Yes.  You  would  make  it  a  totally  ditferent  machine. 

Q.  Ton  think  that  would  require  invention  ? 

A.  Most  certainlv. 

ft.' 

Q.  Suppose,  now,  you  alter  the  level  of  the  water  in  that  1533 
vessel,  so  that  instead  of  the  piston  being  continually  im- 
juersed  it  should  be  made  longer,  and  rise  above  or  just  to 
the  surface  of  the  water,  what  would  be  its  operation  during 
its  descent  ? 

A.  K  the  piston  rises  above  the  surface  of  the  water, 
when  it  scets  doT\m  to  the  water  there  would  l)e  a  sudden 
blow  and  jar,  and  then  it  would  go  down  just  as  it  went 
down  in  the  lirst  instance. 

Q.  Suppose  it  to  be  raised  so  that  the  bottom  of  the  pistoji 
would  be  just  immersed  in  the  water  ?  1534 

A.  Then  it  would  force  the  watei*  out  just  as  a  punq) 
throws  the  water  out. 

Q.  Would  it  not  fall  freely  thi'ough  the  tirst  portion  of  its 
descent  ? 

A.  Xot  the  piston. 

Q.  Suppose  it  to  be  a  plunger. 

A.  Then  the  water  would  esca]>e  around. the  plunger,  and 
not  go  through  the  hole. 

Q.  1  am  supposing  no  hole  at  all.  Would  it  Jiot  descend 
freely  through  the  first  portion  of  its  descent? 

A.  Probably  it  would  go  in  freely  until  immersed,  andl53r 

then  the  densitv  of  the  water  would  affect  the  weight  of  the 

■  <• 

plunger. 

Q.  Suppose  you  make  the  plunger  very  long  in  jU’opt^r- 
tion  to  its  diameter,  and  then  elevate  it  ? 

A.  Y^ou  increase  the  friction  of  the  discharge  around  it. 
Instead,  then,  of  falling  to  a  certain  point,  as  it  does  in 
Sickels',  and  then  being  gradually  checked,  it  would  tall 
slower,  slower,  slower  all  the  time. 

Q.  Would  it  acquire  no  niomentuin  in  its  fall  through 
the  air  ?  1536 

A .  Y  es. 

Q.  Would  not  a  portion  of  it  fall  tliruiigh  the  air' 

A.  YYs. 

Q.  Would  it  not  acquire  momentum  ' 

A.  Very  little. 

Q.  Would  it  not  depend  u})on  the  lenoth  <>f  vour  plunger ' 

40 


1537  A.  Yes. 

Q.  Y^ou  iiiiglit  thus  obtain  a  rapid  descent? 

A.  ISTot  very  much,  because  it  would  be  checked  in  the 
water.  % 

Q.  Would  it  be  checked  before  the  weight  was  entirely 
immersed? 

A.  Yes. 

Q.  To  a  sensible  degree? 

A.  Y  es.  It  would  check  more  and  more  all  the  way. 

Q.  You  might  make  a  plunger  and  its  barrel  so  that  this 
checking  would  not  commence  until  the  valve  was  entirelv 
1588  opened  or  closed — could  you  not  ? 

A.  I  could  make  a  dash-pot  out  of  that  like  Sickels’. 

Q.  Do  you  think  a  simple  alteration  of  the  size  and  form 
nf  the  plunger  would  be  substantially  an  alteration  in  Watt’s 
dash-pot  ? 

A.  'No. 

Q.  lYow,  in  altering  the  barrel  and  plunger  and  altering 
the  level  of  the  water,  might  you  not  produce  the  effect  of 
a  rapid  descent  at  first,  and  then  check  it  until  the  weight 
is  brought  to  rest  ? 

A.  If  you  will  alter  the  form  of  the  Aveiglit  and  make  it 
1 539  fit  the  barrel  tiglit,  and  only  put  a  little  water  in  the  bot¬ 
tom,  we  shall  have  but  little  escape  afterwards ;  and  then, 
by  letting  it  fall  through  the  air,  and  come  to  the  bottom, 
like  Sickels'  resei'voir,  von  can  check  it ;  I  do  not  think  von 
could  check  it  materially;  it  would  keep  on  moving. 

Q.  I  am  not  su])posing  it  to  be  raised  above  the  water, 
but  to  the  surface  of  the  Av^atei-,  so  that  you  would  have  a 
difference  in  the  specific  gravity  ? 

A.  It  would  then  fall  faster  at  first,  1  do  not  know  that 
it  would  fall  much  faster,  until  it  became  immersed;  then 
1 5-tO  it  would  commence  being  I’ctarded,  and  be  retarded  slower 
and  slower  until  it  got  down. 

Q.  Would  it  require  inventioji  to  alter  that  barrel  to 
effect  that  purpose  ? 

A.  It  might,  or  might  not ;  by  altering  the  level  of  the 
water,  if  you  could  perform  an  important  purpose,  it  might 
make  it  an  invention. 

Q.  In  the  model  of  Watt’s  gear,  I  think  jmu  stated  that 
this  contrivance  shows  only  a  mode  of  opening  the  valve  ? 

A.  Yes. 

1511  Q.  Dead  the  description  in  ./'h/vy,  page  157  ? 

A.  It  is  as  follows  : 


"  The  valves  must  be  opened  and  shut  by  band,  in  order  to  stop  or  start  the 
engine,  or  to  regulate  its  motion  ;  and  for  this  purpose  the  attendant  always 
retains  a  full  control  over  all  the  four  valves,  by  means  of  the  two  handles 
/■and  s,  either  to  open  or  to  shut  either  pair  of  the  valves,  whatever  position 
tlie  chocks  1  or  2  of  the  ]>lug  may  be  in  ;  for  even  when  either  of  those 


315 


chocks  has  moved  the  handle  belonging  to  it,  so  as  to  shut  one  pair  of  valves,  1 .54:^ 
they  may  nevertheless  be  opened  again  immediately,  by  the  same  handle, 
without  waiting  for  the  return  or  removal  of  the  chock  from  that  handle. 

This  is  done  by  moving  the  handle  still  further  in  the  same  direction  as  the 
chock  has  just  moved  it ;  for  when  the  valves  are  shut,  the  short  levers  on 
the  axes  of  the  handles,  being  in  the  lines  of  their  connecting  rods,  those  levers 
will  have  the  effect  of  opening  the  valves,  when  they  are  turned  in  either  di¬ 
rection  from  that  position.  In  the  regular  action  of  the  working-gear  when 
moved  by  the  chocks,  the  valves  are  closed  by  the  motion  which  tliose  chock‘; 
give  to  the  handles ;  and  are  opened  again  by  the  fall  of  the  weights  4  and  5.^0 
15;  nevertheless,  when  the  engine  is  regulated  by  hand,  that  action  may  b<i 
reversed  if  required ;  for  the  same  effects  may  be  produced  by  the  contrary 
motions  of  the  handles  ;  and  then  the  weights  will  tend  to  close  the  valves, 
intend  of  to  open  them. " 


That  description.  >o  far  as  I  understand  it,  refers  only  to 
worHno'  an  eno^ine  bv  liand,  inst  the  same  as  in  a  steam- 
engine,  where  it  is  worked  by  liand  instead  nf  letting  tlie 
eccentric  do  its  work. 

Q.  Look  at  the  description  in  Styarf.  vol.  ]»age  3t)t). 

A.  It  is  as  tbllows :  1544 


‘‘The  different  construction  of  Watt's  valves  required  a  new  arrangeuient 
of  the  hand-gear  to  move  them.  In  the  atmospheric  engines,  the  weight  or 
tumbling  bob  at  the  end  of  the  levers,  called  the  T  piece,  was  placed  thert-, 
so  that  its  fall  should  open  the  sliding  valve,  or  the  injection  cock,  with  a  jerk ; 
it  exerted  no  influence  whatever  in  keeping  the  valves  in  their  places,  at  lea>t, 
it  was  not  introduced  for  that  purpose.  Watt  also  sometimes  attached  a 
weight  to  the  spanners,  which  opened  or  shut  his  valves." 


Q.  Does  it  not  refer  to  the  descri]ttion  of  n  dasli-])ot 
plunger  f 

A.  (Witness  continued  reading.! 

“  But  it  was  necessary  in  some  arrangements  of  these  parts  that  they  sliould 
be  gradually  shut,  to  prevent  the  injury  that  would  be  occasioned  by  a  sml- 
den  jerking  of  the  valves  into  their  seats.  This  weight  was,  therefore,  some¬ 
times  formed  like  a  piston,  which  rose  and  fell  in  a  cylinder  filled  with  water. 

The  weights,  or  plungers,  were  made  of  cast-iron,  an<]  cylindrical,  each  fitted 
into  a  hollow  cylinder,  phiced  in  the  condensing  cistern,  and  covered  witli 
water  ;  the  plunger  is  made  somewhat  less  than  the  barrel,  to  allow  a  small 
space,  by  which,  when  it  descends,  the  water  may  rise  between  it  and  tlte 
barrel ;  the  lower  end  of  each  barrel  is  closed,  except  a  small  hole,  wliicJi  is  1 
covered  by  a  leather  valve  opening  inwards.  Wlien  the  plunger  is  drawn  up, 
the  water  from  the  cistern  flows  through  this  valve  into  the  barrel, but  when 
the  plunger  descends,  the  valve  closes,  and  the  water  whicli  is  displaced  rise- 
between  the  plunger  and  barrel,  and  the  resistance  which  is  thus  occasioned 
to  the  descent  of  the  weight  prevents  the  concussion  which  wouM  be  pro¬ 
duced  bv  its  uninterrupted  fall,  and  at  the  same  time  afiuixlinir  a  m^ans  <»t 
making  the  weight  niffieientlv  heaw  to  open  the  valve."  ^ 

Q.  Look  over  the  description  yourself,  and  see  if  it  dues 
not  refer  to  the  steam-valves  \ 

A.  It  mav  ;  the  valve  spoken  (tf  directly  before  is  an  in¬ 
jection  valve. 


I54T  Q.  J  )()  yon  kiiow  of  any  iiietliod  indicated  in  the  hooks, 
by  whicli  yon  can  clieck  tlie  action  of  the  wei^^ht  by  the 
vah^e^ 

A.  No. 

Q.  Do  you  think  it  woidd  require  invention 
A.  Not  if  Watt  had  told  yon  how  to  do  it. 

(^.  Do  von  find  he  has  told  yon  ? 

A.  lie  does  not  say  anything  about  closing  the  valves. 
Q.  Look  at  Favi'U^  jnige  457  i 

A.  ]  cannot  make  head  or  tail  ont  of  Farey,  for  he  is 
excessively  obscnre ;  I  conld  do  snch  a  thing  myself,  bnt  1 

1548  would  not  be  guided  l)y  his  description. 

Q.  Would  von  have  to  alter  essentiallv  the  arrangement 

.  1  '  •  Cm 

ot  those  parts  i 

A.  Verv  considerablvn 

Q.  Do  you  think  those  alterations  would  be  substantial 
alterations  ? 

A.  It  would  depend  upon  what  they  would  be,  after  1 
had  drawn  them  ont ;  I  cannot  tell  now  what  I  would  have 
to  do,  bnt  I  know  1  conld  do  it. 

Q.  In  looking  at  the  models  and  reading  the  descriptions, 

1549  von  see  no  method  bv  which  it  conld  be  done  ? 

t-  t' 

A.  I  see  no  method  described  ;  as  long  as  the  plug-frame 
descends,  it  oj)ens  the  valve,  and,  as  the  plug-frame  ascends, 
it  shuts  the  valve. 

Q.  Suppose  we  have  a  piston  and  cylinder  constructed 
like  this  drawing,  with  a  valve  opening  inward  from  the 
bottom,  governed  by  a  cock,  and  allowing  the  diameter  of 
the  cylinder  to  be  2^  inches,  would  it  not  give  5  inches 
area  ? 

A.  About  4J  inches. 

1550  Q.  Take  a  weight  twice  the  weight  of  the  pressure  of  the 
atmosphere,  what  would  be  the  enect  of  the  descent  of  that 
weight  or  piston  for  the  hrst  half  of  its  stroke  ? 

A.  Would  yon  open  or  shut  the  cock  while  the  weight  is 
coming  down  ? 

Q.  Keep  it  still. 

A.  And  what  is  the  cylinder  to  be  tilled  with  i 
Q.  Air.  How  far  would  it  dro]D  down  freely  'i 
A.  It  would  not  drop  down  freely. 

1551  Q.  Would  it  not  compress  the  air  into  half  the  space  it 
occupied  before  'i 

A.  Ko,  because  air  would  be  going  out  of  this  hole. 

Q.  Would  it  fall  freely  beyond  half  its  distance '( 

A.  Ho  ;  it  is  like  a  boy’s  common  squirt. 

Q.  I  am  speaking  of  air  'I 

A.  It  would  squirt  in  the  same  way. 

Q.  Would  not  the  compression  of  the  air 'be  instant¬ 
aneous? 


O 

*  P 


A.  Xo. 

Q.  Can  you'nieasure  tliL*  space  of  time  of  retanlation  ( 

A.  I  could  not  do  that. 

Q.  Suppose  the  escape  of  air  were  suthcient  to  countei- 
act  the  resistance  of  the  air,  would  tlie  weicfht  not  fall 
freely  ( 

c 

A.  If  you  will  suppose  that  hole  to  he  large  enough  tn 
counteract  the  pressure,  the  weight  will.  As  soon  as  the 
air  got  compressed  sufficiently  to  pass  out  through  here  as 
fast  as  the  phmgei’  descended,  the  plunger  would  then  go 
down  with  uniform  velocity,  and  it  would  he  gradually  re- 1553 
tarded — ^how  much  or  little  T  cannot  say — until  it  got  to 
that  uniform  velocity. 

Q.  Until  it  came  to  that  point  how  would  it  move  ( 

A.  It  would  he  gradually  retarded. 

Q.  Do  you  mean  just  the  same  proportion  at  the  com¬ 
mencement  of  its  stroke  that  it  has  towards  its  end  ( 

A.  It  would  he  retarded  in  the  inverse  of  a  hyperholic 
curve. 

Q.  Have  you  known  in  practice  an  engine  constructed  so 
that  the  puppet-valves  moved  horizontally  i  1554 

A.  I  said  that  I  had  seen  the  old  y^ovelty  with  puppet- 
valves  moving  horizontally  ;  and  in  the  oscillating  engines 
now  constructed  at  the  Xoveltv  AVorks.  in  which  the  valves 
are  cast  fast  to  the  cylinder. 

Q.  Was  not  the  J^ovelty  an  experimental  hoat  i 
A.  It  ran  several  vears,  which  i>  rather  long  for  an  ex- 
periment. 

On  being  re-examined,  the  witness,  Hexky  R.  Rexwick, 
testified  as  follows :  1555 

Q.  Do  you  find  any  description  of  these  various  modifi¬ 
cations  pointed  out  to  you,  of  WattV  valve-gear  and  dash- 
pot,  in  the  hooks  t 
A.  Xo,  sii\ 

Q.  Li  case  this  (in  AVatt's  model)  should  he  reversed,  so 
that  the  weight  will  close  the  valve,  state  whether  the 
weight  or  toggle-joint  would  gradually  aiTest  the  valve  ' 

A.  The  lead  on  the  toggle  would  stop  it. 

Q.  This  is  just  the  same  as  a  crank  arrests  the  momentum 
of  an  engine.  Do  you  find  any  description  in  the  hooks  of  1556 
the  mamier  in  which  an  engine  is  to  he  arranged  with  a 
view  to  close  the  valves  hy  a  weight  ? 

^  A.  I  have  looked  very  carefully,  and  I  do  not. 

Q.  I  will  call  your  atiention  to  Sickels'  patent  of  1845, 

•  as  the  counsel  did  not  do  it.  Just  read  that  passage  of  the 
specification,  and  state  wiiether  that  indicates  a  limitation 
of  the  invention  contained  in  that  patent,  as  an  improve¬ 
ment  upon  previous  inventions  i 


t 


155Y  A.  Mr.  Sickels  describes  first  bis  old  jjatent,  and  tlieii 
says,  that  the  object  of  his  invention  is  to  remedy  the  de¬ 
fects  in  that  old  machine. 

Q.  Will  you  look  at  this  passage  in  Sickels’  patent  of 
1852,  and  state  whether  that  inrli cates  a  limitation  to  an 
improvement  ? 

A.  It  does,  very  clearly. 

Q.  Head  the  language '( 

A.  It  is  as  folloAvs :  In  cut-oils,  as  heretofore  construct¬ 
ed,  in  operating  the  catch  by  the  closing  movement  alone, 

1558  the  valve  cannot  be  tripped,  until  sufficient  motion  has  taken 
place  to  operate  the  whole  extent  of  the  catch,  thus  occa¬ 
sioning  an  unavoidable  delay  in  tripping  the  valve.  The 
nature  of  my  invention,  therefore,  consists  in  operating  the 
catch  or  hold,  and  liberating  the  valves  of  the  trip  cut-offs 
on  the  movement  to  close  or  return  of  the  valve-motion,  by 
means  of  an  adjustable  cam  or  lever,  after  it  has  been  par¬ 
tially  operated  upon  oji  the  opening  movement  of  the 
valve-motion,  so  as  to  leave  as  little  movement  of  the  catch 

1559  to  aftect  the  liberation  of  the  valve,  as  may  be  desired,  to  be 
accomplished  by  the  return  movement;  thereby  being  en¬ 
abled  to  liberate  the  valve,  and  cut  off*  the  steam,  as  near 
the  first  of  tlie  return  movement  as  niav  be  desired.’' 

C' 

Q.  In  the  hypothesis  that  was  put  to  you  of  a  long  plunger 
gradually  entering  the  water,  to  retard  the  descending 
weight — where  it  starts  merely  resting  upon  the  water  and 
is  gradually  immersed — in  tlie  range  of  motion  necessary 
for  the  working  of  valves  by  a  descending  weight  of  that 

1560  sort,  is  there  a  sufficient  length  of  motion  practically  to  de¬ 
velop  the  law  of  the  mechanical  retardation  of  forces '? 

A.  bTo. 


1561 


The  plaintiff's  then  re-called  as 
who  testified  as  follows : 


a  witness  Darnel  Barnmn  ^ 


Q.  Did  you,  at  my  request,  make  a  niodel  of  an  arrange¬ 
ment  of  the  defendants’  tripping  apj^aratus,  with  a  view  to 
regulate  cut-offs  beyond  half-stroke,  as  well  as  Avithin  half¬ 
stroke  ? 

A.  I  did,  sir. 

Q.  Is  this  the  model  'i 
A.  Yes. 


Q.  Just  explain  to  the  jurv  how  it  regulates,  so  as  to  cut 
off?  ■  ^  - 

A.  I  have  three  different  methods  in  this  niodel  of  doing 
it.  One  is  an  arbitrary  method  of  doing  it,  b,y  independent 
motion  ;  one  is  an  arrangement  similar  to  that  shown  in  the 
defendants’  model ;  and  one  is  by  another  arrangement. 
( W itness  illustrated  and  explained.)  All  the  i-egular  changes 
may  be  made  of  cut-off'  at  any  point,  Avith  the  same  arrange¬ 
ment. 
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Mr.  Blatchford. — Precisely  as  it  is  there  ?  1 562 

JS^ot  precisely  like  that  in  the  detendants'  model,  hut 
with  additions  I  have  made. 


Mr.  Keller. — In  making  that  addition,  did  you  change 
any  of  the  arrangement  of  the  defendants  for  cutting  on, 
or  did  you  simply  improve  the  defendants’  arrangement,  by 
an  improvement,  to  enable  it  to  cut  otf  beyond  liali- 
stroke,  in  addition  to  cutting  otf  within  half-stroke  ? 

A.  It  was  an  addition  snperadded  to  the  defendants’,  oi‘ 
course. 


Q.  What  length  of  time  <lid  you  take  to  make  that  im¬ 
provement  ? 

A.  I  did  it  in  an  evejiini>-,  with  a  jack-knife 

Q.  I  will  call  your  attention  ]iow  to  the  hooks  upon  the 
lifter-arm  and  their  engagement  with  the  lifter,  and  I  ’will 
get  you  to  state  whether,  as  represented  in  the  defendants' 
model,  the  disengagement  can  be  made  as  freelv  and  with 
as  little  power  as  on  Sickels’  arrangement  ? 

A.  The  friction  on  the  defendants’  apparatus  is  increased 
by  reason  of  angles  in  the  point  of  connection. 

Q.  Are  there  any  such  angles  in  Sickels'  ? 

A.  No,  sir. 

Q.  In  view  of  that  ditference,  supposing  the  goverjior  to 
be  applied  to  Sickels’  by  means  of  a  slide,  which  would  most 
impetle  the  governor — the  defendants’  or  Sickels’  ? 

A.  At  that  point,  it  would  be  decidedly  in  tavor  (h‘ 


Sickels’. 


The  ditference  of  friction  in  these  two  cases  are 
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so  trifling  that  they  would  hardly  be  perceptible. 


On  being  <-rcm-exarn.ine(l.  the  witness,  Danief.  JIaknitm, 
testified  as  follows  : 

Q.  Did  you  have  an  interest  in  this  patent  of  1SI2  i 
A.  I  had. 

Q.  What  interest,  and  ’wheji  ? 

A.  In  184:5,  I  think  it  was,  I  was  so  unfortunate  as  to 

have  some  funds  in  the  hands  of  Podman  A  Co.  when  thev 

# ' 

failed,  and  Mr.  Kodman  assigned  to  nie  an  intei*est  in  the 
})atent,  as  security  for  that  money. 

Q.  ITow  long  did  you  hold  it  ^ 

A.  Three  or  four  vears.  I  cannot  now  tell  exactiv  the 
time.  I  believe  five  or  six  veai’s.  1  did  veiw  little  with  it 

«.  c- 

at  the  time. 

Q.  Do  you  know  Avhether  it  was  the  same  Podinan  that 
Avas  defendant  in  the  other  suit  that  has  been  spoken  of  on 
this  trial  ? 

A.  I  have  no  particular  kuoAvledge  Avith  regard  to  that 
suit. 

Q.  W'asitdohn  F.  Rodman? 

A.  It  was. 
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■  \  wl566  On  being  re-examiined,  the  witnei^s,  Daniel  Baknem,  testi- 

QJ  tied  as  follows : 

^  Q.  Have  you  had  an}"  interest  xvliatever  in  this  patent 

since  you  parted  with  it  ?  r 

A.  ISTone  at  all,  sir. 

Q.  Do  you  know  when  Kodnian  acquired  his  interest  in 
that  patent  ? 

A.  I  do  not. 

]\£t,  Seward. — How  long  have  yon  lived  in  Aew  York  i 

A.  I  moved  to  ISTew  York,  in  the  first  instance,  in  1845. 
I  lived  here  until  1850,  I  think,  and  then  I  went  to  Phila- 

1567  delj^hia,  and  lived  there  two  years  ;  and  then  I  came  hack 
here  again. 

Q.  Where  were  you  from  when  you  came  here  i 

A.  Prom  Connecticut. 

Mr.  Keller. — Do  you  know  if  Rodman’s  interest  was  ac¬ 
quired  before  or  after  the  Ttli  day  of  December,  1842  ? 

A.  I  tliink  it  must  have  l)een  after  that  time.  I  think  it 
was  after  1  came  here. 

Q.  When  did  you  come  here  t 

A.  I  came  Iiere  in  1845.  I  think  he  had  no  interest  when 
1  came  here.  I  was  connected  witli  them  more  or  less,  and 

1568  I  think  it  Avas  after  that. 

The  evidence  on  both  sides  Avas  here  closed,  and  the 
Court  adjourned  to  tlanuary  11th,  1855,  at  11  o’clock,  A.  M. 


January  lltli,  1855,  II  o’clock,  A.  M. 

The  plaintitfs  ]>rayed  the  C’ourt  to  instruct  the  jmy  as 
folloA\"S : 

Fird  IsstU'. 

1.  The  patent  laws  require  that  the  patentee  shall  give 
a  full,  clear  and  exact  description  of  the  manner  of  making, 
constructing  and  using  the  iiwention  claimed  and  patented, 

1569  so  that  any  one  skilled  in  the  art  most  nearly  connected, 
may  make,  construct  and  use  the  same  ;  and  the  object  of 
this  proAusion  of  the  laAv  is,  that  at  the  expiration  of  the 
term  of  the  patent,  the  public  may  liaA^e  the  benefit  of  the 
invention.  This  provision  of  the  statute  does  not,  however, 
limit  the  rights  of  the  patentee  to  the  special  form  of  con¬ 
struction  so  described  by  the  patentee  ;  but  extends  his 
right  of  property  over  every  modification  of  form  Avhich 

1570  embodies  the  same  invention,  or  any  improvement  thereof 
Avhich  is  either  an  addition  to,  or  merely  a  modification  of, 
and  involves  within  its  boundaries,  the  original  and  patented 
invention. 

2.  If  the  jury  find  in  the  defendants’  engine,  substantially, 
either  the  construction,  the  arrangement  or  the  combina- 
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tioii  described  in  Sickels’  patent,  for  tripping  and  closing  1571 
the  valves  of  steam-engines,  to  apply  steam  expansively, 
they  must  find  the  first  issue  in  favor  of  the  plaintifts,  not¬ 
withstanding  they  may  also  find  that  the  said  construction, 
arrangement  or  combination  has  been  modified  in  form,  or 
has  been  improved,  so  as  to  produce  efiects  or  results  in  ad¬ 
dition  to,  or  beyond  the  results  or  effects  produced  by  the 
invention  described  in  Sickels’  patent. 

3.  In  a  patent  tor  a  combination,  such  patent  covei*s  not 
only  the  combination  of  all  mechanical  equivalents  which  1572 
may  be  substituted  for  the  elements  of  the  combination  in¬ 
vented,  but  all  mechanical  devices  which,  in  the  combina¬ 
tion,  perform  the  same  mechanical  functions  or  offices,  not¬ 
withstanding  they  may  perform,  in  addition,  other  functions 
or  offices,  or  perform  the  same  functions  or  offices  in  a  supe¬ 
rior  or  inferior  degree. 


4.  Letters  Patent  for  a  mechanical  combination,  secure  to 
the  patentee  the  mode  of  operation  resulting  from  the 
combination,  however  the  result  or  efiect  may  be  modified 
in  degree  by  the  substitution  of  either  inferior  <>r  superior 
mechanical  equivalents. 


5.  It  is  not  sufficient,  for  the  purpose  of  destroying  the 
substantial  identity  of  the  defendants’  apparatus  with  that 
of  the  plaintifls’,  that  there  is  such  difierence  between  the 
two  as  to  indicate  that  thought,  skill  or  invention  was  re¬ 
quired  to  pass  from  the  one  to  the  othei*  ;  provided  the  de¬ 
fendants’  construction,  arrangement  or  combination  in- 
volves  within  its  boundaries  either  tlie  construction,  arrange¬ 
ment  or  combination  of  the  patented  invention,  and  the  1574 
thought,  skill  or  invention  found  in  tlie  defendants'  is  eithei- 
in  additions  to,  or  improvements  of,  the  patentee’s  invention. 


6.  On  the  question  of  the  substantial  identity  of  the  defend¬ 
ants’  apparatus  with  the  plaintifts’,  it  is  immaterial  how 
far  superior  or  inferior  the  one  may  be  to  the  other,  so  long 
as  the  defendants’  apparatus  includes  the  plaintifi's’  combina¬ 
tion  of  elements,  or  any  mechanical  equivalents  thereof. 

7.  The  fii'st  part  of  the  said  Sickels’  invention,  is  for  a 
combination  first,  tlie  valve-stem.  <>r  any  equivalent  1575 
thereof ;  second^  a  spring-catch,  or  any  ecjiiivalent  thereof ; 
and  thirds  the  adjustable  piece,  or  its  equivalent,  and  the 
appendages  of  these  elements  necessary  to  the  co-operation 

of  these  elements  to  effect  the  cutting  off'  of  the  steam  in 
steam-engines,  which  combination  results  in  a  mode  of 
operation  by  which  the  valve  is  alternately  connected  with 
and  disconnected  from  the  mechanism  deriving  motion 
from  the  engine,  so  that  it  may  be  .opened,  and  the  connec¬ 
tion  be  broken  at  any  desired  part  of  the  stroke  of  theengine, 

41 
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1576  that  the  valve  may  he  closed  by  the  force  of  gravity, 
whilst  the  mechanism  or  valve-gear  continues  its  motion, 
and  returns  to  re-engage  the  valve  for  a  repetition  of  the 
operation. 


8.  The  standard  and  set  screw  described  for  holding  and 
securing  the  adjustable  piece  or  stop,  are  mere  appendages 
of  the  combination,  and  the  substitution  of  other  means  for 
hiolding  and  securing  the  adjustable  piece  where  it  may  be 
,  X required  does  not  destroy  the  substantial  identity  of  the 
^  ^  plaintiffs’  combination. 


]  Second  Issue. 

if  The  second  part  of  the  invention  described  in  Sickels' 
patent,  is  for  the  purpose  of  regulating  the  closing  of  the 
valves  as  well  as  to  prevent  them  from  slamming,  and  if  the 
defendants  effect  either  or  both  of  these  purposes  or  results 
by  an  apparatus  substantially  like  the  plaintiffs’,  then  the 
isecond  issue  must  be  found  for  the  plaintiffs. 

1578  XO.  If  the  defendants’  air-dash-pot  and  weight,  and  the 
plaintiffs’  water-dash-pot  and  plunger  have  substantially 
the  same  mode  of  operation,  the  second  issue  must  be  found 
for  the  tpfclaintiffs. 


11.  If  the  effects  or  results  produced  by  the  defendants’ 
air-dash-pot  and  weight  only  differ  in  degree  from  the 
effects  or  results  produced  by  the  plaintiffs’  dash-pot  and 
plunger,  such  difference  in  degree  will  not  justify  the  jury 
in  finding  the  second  issue  in  favor  of  the  defendants,  so 
1579  long  as  the  means  emplo3md  are  substantially  alike. 


12.  If  the  juiy  are  satisfied  that  air  is  a  fluid,  and  is 
employed  by  the  defendants  in  connection  with  means 
which  are  substantially  identical  with  the  means  described 
in  Sickels’  patent,  for  the  purpose  of  regulating  the  closing 
of  the  valves,  the  mere  substitution  of  air  for  water  or  other 
fluid  does  not  destroy  the  substantial  identity  of  the  second 
part  of  Sickels’  invention. 

13.  The  substitution  of  mere  equivalents  for  the  means 
1580  described  under  the  second  part  of  Sickels’  invention, 

although  producing  results  differing  in  degree,  does  not  de¬ 
stroy  the  substantial  identity  of  Sickels’  invention. 

14.  If  the  jury  are  satisfied  that  the  means  employed  b}^ 
the  defendants  prevent  the  slamming  of  the  weight,  and 
such  means  are  substantially  identical  with  the  means  de¬ 
scribed  by  Sickels  to  prevent  the  slamming  of  the  valves, 
and  the  use  of  such  means  prevents  injurious  consequences 
which  otherwise  would  result  to  the  engine  from  the  rapid 
closing  of  the  valves  by  the  force  of  gravity,  they  must 
find  the  second  issue  for  the  plaintiffs. 


V 
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The  defeiidaTits  prayed  the  court  to  instruct  the  jury  as  1581 
follows : 


Fird  IsfsUif. 


1.  The  patent  laws  require  the  patentee  to  teach,  by  his 
specification,  a  mechanic  skilled  in  the  art,  to  constnict  the 
thing  described  and  claimed  in  his  patent,  and,  if  a  me¬ 
chanic  could  not  construct  the  arrangement  or  combination 
of  apparatus  used  by  the  defendants  for  the  more  readily 
cutting  ofi"  steam  In  working  the  steam  engine,  from  the 
description  in  Sickels’  specification  of  the  construction, 
arrangement,  or  combination  of  the  apparatus  described  in 
and  claimed  by  Sickels’  specification  for  the  more  readily  15, ^*2 
cutting  otf  steam  in  working  the  steam  engine,  without 
going  beyond  such  description  and  tasking  his  invention,  or 
without  substituting,  in  place  of  the  directions  in  Sickels' 
specifications,  the  results  of  his  own  thought  and  skill  and 
ingenuity,  then  the  constructions,  arrangements,  or  combi¬ 
nations  of  the  two  apparatus  are  not  substantially  iden¬ 
tical.  ^ 

'1.  If,  to  pass  frcuii  the  construction,  arrangement,  or 
combination  of  Sickels’  said  apparatus  .to  those  of  said  ap- 
parato  used  by  the  defendants,  would  require  thought,  in- 1^83 
genuity,  and  sMll,  and  the  exercise  of  inventive  power,  and 
if  the  difterences  between  the  said  two  apparatus  are  not 
merely  colorable,  but  are  attended  with  important  practical 
efiects,  and  are  necessary  to  secme  those  efiects,  then  the 
constructions,  arrangements,  and  combinations  of  the  two 
apparatus  are  not  substantially  identical. 

8.  If  the  difterences  in  the  tbrm,  construction  and  ar¬ 
rangement  of  the  parts  composing  the  said  two  apparatus,  ^ 
together  with  the  eftects  and  consequences  of  such  difter¬ 
ences,  are  considerable,  in  contradistinction  to  being  merely 
colorable  and  trivial,  then  the  constructions,  arrangements, 
and  combinations  of  the  two  apparatus  are  not  substantially 
identical. 


■1.  The  said  apparatus  of  Sickels  is  a  combination  of  par¬ 
ticular  parts,  namely,  the  valve-stem,  the  sj^ring  on  the 
lifter,  the  adjustable  sliding-piece,  with  its  wedges  or  in¬ 
clined  planes,  and  their  immediate  appendages,  namely,  the 
standard  and  setting  screw,  arranged  in  the  manner  de-  1585 
scribed  in  Sickels’  specification,  and,  in  order  to  find  that 
the  said  apparatus  of  Sickels,  and  the  said  apparatus  used 
by  the  defendants,  are  substantially  identical,  the  jury  must 
find,  in  the  said  apparatus  of  the  defendants,  each  one  of  said 
parts,  or  a  mechanical  equivalent  therefor,  and  they  must 
find  such  parts  arranged  and  oj^erating,  in  the  said  apparatus 
of  the  defendants,  substantiallv  in  the  same  wav  in  which 
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1586  the  said  parts  are  described  in  Sickels’ 
ing  arranged  andfas  operating  in  his  sa: 

5.  If,  in  the  said  apparatus  of  the  defendants,  valve¬ 
gearing  is  used,  whereby  the  valve-stem,  or  the  lifter,  or 
the  spring  on  the  lifter,  or  the  adjustable  sliding-piece,  or 
its  wedges  or  inclined  planes,  or  the  standard,  or  the  setting 
screw,  are  either  of  them  dispensed  with,  and  if  what  is  used 
by  the  defendants  in  the  place  of  either  of  them  is  not  a 
mere  mechanical  equivalent  therefor,  but  is  a  different  de- 

1587  vice,  having  different  powers  and  functions,  then  the  safd 
two  apparatus  'Sfellbl idehti^l. 

Second  Issue. 

6.  The  patent  laws  require  the  patentee  to  teach,  by  his 
specification,  a  mechanic  skilled  in  the  art,  to  construct  the 
thing  described  and  claimed  in  his  patent,  and,  if  a  mechanic 
could  not  construct  the  arrangement  of  the  apparatus  used 
by  the  defendants  for  checking  the  descent  of  the  weight  in 
their  air-cylinder,  from  the  description,  in  Sickels’  specifica- 

1588  tion,  of  the  construction  or  arrangement  of  the  apparatus 
described  in  and  claimed  by  Sickels’  specification  tor  regu¬ 
lating  the  closing  of  the  valves  and  effectually  preventing 
them  from  slamming,  without  going  beyond  such  descrip¬ 
tion,  and  tasking  his  invention,  or  without  substituting,  in 
place  of  the  directions  in  Sickels’  specification,  the  results 
of  his  own  thought  and  skill  and  ingenuity,  then  the  con¬ 
struction  and  arrangement  of  the  two  apparatus  are  not 
substantially  identical. 


specification  as  be- 
d  apparatus. 


1539  7.  If,  to  pass  from  the  construction  and  arrangement  of 

Sickels’  said  apparatus  to  those  of  said  apparatus  used  b}' 
the  defendants,  would  require  thought,  ingenuity  and  skill, 
and  the  exercise  of  inventive  power,  and  if  the  differences 
between  the  said  two  apparatus  are  ]iot  merely  colorable, 
but  are  attended  with  important  practical  effects,  and  are 
necessary  to  secure  those  effects,  then  the  constructions  and 
arrangements  of  the  two  apparatus  are  not  substantially 
identical. 


1 590  8.  If  the  differences  in  the  form,  construction  and  arrange¬ 

ment  of  the  parts  composing  tlie  said  two  apparatus,  to¬ 
gether  with  the  effects  and  consequences  of  such  differences, 
are  considerable,  in  contradistinction  to  being  merely 
colorable  and  trivial,  then  the  constructions  and  arrange¬ 
ments  of  the  two  apparatus  are  not  substantially  identical. 


9.  The  said  apparatus  of  Sickels  is  a  water-reservoir,  fur¬ 
nished  with  a  piston  or  plunger  attached  at  the  lower  end 
of  the  valve-stem,  and  operating  within  an  adjustable  cup 
or  secondary  reservoir,  the  whole  arranged  iii  the  manner 
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described  in  Sickels’  specilieation,  and,  in  order  to  find  1591 
that  the  said  apparatus  of  Sickels,  and  the  said  apparatus 
used  by  the  defendants,  are  substantially  identical,  the  jury 
must  find  that  the  said  apparatus  of  the  defendants  is  con¬ 
structed  and  arranged  and  operates  substantially  in  the 
same  way  in  which  the  said  apparatus  of  Sickels  is  de¬ 
scribed  in  his  specification  as  being  arranged  and  as 
operating. 

10.  If  the  defendants,  in  their  said  apparatus,  dispense 
with  any  part  of  the  said  apparatiis  of  Sickels,  and  if 
what  is  used  by  them  in  the  place  of  any  such  part  is  not  2590 
a  mere  mechanical  equivalent  therefor,  but  is  a  different 
device,  having  difi:erent  powers  and  functions,  then  the  said 
two  apparatus  are  not  substantially  identical. 

11.  K  the  water  reservoir,  and  piston  or  plunger,  and  ad¬ 
justable  cup  or  secondary  reservoir,  in  the  said  apparatus 
of  Sickels,  are  used  fordifl:erent  purposes  from  the  air-cylin¬ 
der  and  weight  in  the  defendants’  apparatus,  and  produce  a 
different  effect,  then  the  said  two  apparatus  are  not  sub- 
stantiallv  identical. 

t/ 

12.  The  said  apparatus  of  Sickels  is  described  2593 
claimed  l)y  him  as  intended  to  regulate  the  closing  of  the 
valves  and  efi:ectually  prevent  them  from  slamming ;  and, 

if  the  defendants  do  not  use  an  ap2)aratus  constructed  and 
operating  substantially  like  said  ap2)aratus  of  Sickels,  or  if 
they  use  their  aj^j^aratus  for  a  different  end,  then  the  said 
two  ap2>aratus  are  not  substantially  identical. 

.l.s"  to  the  ('ffect  of  Corli^-f  Poie.nU. 

13.  If  the  ajqjanitus  used  by  the  defendants  foi-  the  more 
readily  cutting  off*  steam,  is  covered  by  any  claim  in  any 
patent  granted  to  (Teorge  11.  Corliss,  then,  in  order  that  1504 
the  jury  shall  be  warranted  in  finding  that  the  said  ajjpara- 
tus,  so  used  ])v  the  defendants  is  siibstantiallv  identical 
with  the  a})paratus  described  and  claimed  in  Sickels’  patent 

for  the  more  readilv  cutrini>:  off  steam,  thev  must  be  satis- 
tied,  by  countervailing  evidence  on  the  part  of  the  ]ffaintiff‘s. 
that  such  a2)paratus  of  Sickels  and  such  apparatus  of  the 
defendants  are  substantiallv  identical ;  because,  the  grant- 
ing  of  such  patent  to  Mr.  Corliss,  Avith  such  a  claim,  is 
prima  fcudt'  evidence  that  any  apparatus  described  and 
claimed  in  such  2>atent  to  Mr.  (5n‘liss  is  not  sul)stajitially  1505 
identical  with  any  previously  [>atented  to  Mr. 

Sickels,  and  sucli prhna  fade  evidence  must  ])e  overthroAvn 
l)y  2)re23onderant  evidence  (Ui  the  ])art  of  the  2ffaiiitiff‘s,  in 
order  to  AA^arrant  the  jurv  in  finding  in  the  affirmatiA'e  on 
aiiA"  issue  su1)mitted  to  them. 


The  case  Avas  then  summed  up  to  the  jury  on  the  part  of 
the  defendants  by  Mr.  Sewarcf  and  the  Court  then  adjourned 
to  January  12th,  1855,  at  11  o’clock  A.  M. 
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<L. 

1596  January  12th,  1855,  11  o’clock  A.  M. 

The  case  was  summed  up  to  the  jury,  on  the  part  of  the 
plaintiffs,  by  Mr.  Keller^  and  the  Court  then  adjourned  to 
January  13th,  1855,  at  11  o’clock  A.  M. 

January  13th,  1855,  11  o’clock,  A.  M. 

The  Court  (Judge  Betts)  charged  the  jury  as  follows: 

Gentlemen  of  the  Jury  :  The  Court,  in  this  case,  has  but 
a  slender  task  to  perform.  You  may,  perhaps,  be  surprised 
at  this  statement.  Nearly  four  weeks  of  your  time  have  been 

1 597  devoted  to  the  hearing  oifTlns'causel  AJnass  of  testimony 
has  been  produced  and  reduced  to  writing,  which  would  oc¬ 
cupy  many  days  in  being  read  over ;  and  points  of  law,  of 
moment  and  intricacy,  have  been,  in  no  small  number, 
raised  and  ably  discussed  ;  and  the  attention  of  the  court 
and  of  the  jury  has  been  occu2)ied  with  investigations  into 
tlie  science  of  mechanics  and  the  state  of  the  arts,  each  in¬ 
volving  considerations  of  no  slight  interest  and  difficulty.  It 
may,  then,  seem  singular  to  you  that,  at  the  close  of  such  a 

1 598  liearing,  the  Court  should  aim  ounce  that  very  little  devolves 
upon  it  to  adjudge  or  determine  in  laying  the  case  before 
you  for  your  verdict  upon  it.  It  is  so,  however.  The  part 
that  I  am  to  act  here  is  but  an  auxiliary  one,  and  subordi¬ 
nate  in  its  nature.  This  arises  from  the  manner  in  which 
the  case  conies  to  a  hearing  in  this  Court.  It  isMot  an  action 
at  law,  but  a  prcK*eeding  out  of,  and  in  assistance  of,  a  suit 
pending  in  ecpiity.  A  bill  was  filed  on  the  equity  side  of 

1599  this  Court  by  the  plaintitfs,  praying  an  injunction  to 
prohilnt  the  defendants  from  operating  Corliss’  machine, 
and  also  seeking  that  redress  which  a  Court  of  Chancery 
can  give  in  damages.  Before  that  Court,  tlien,  were  placed 
all  the  merits  of  flie  controversy.  The  plaintiffs’  right  to 
seek  a  remedy,  the  defendants’  means  of  avoiding  that 
right,  the  questions  of  law,  and  the  questions  of  fact,  were 
all  brought  within  the  cognizance  of  the  Equity  Court ;  and 
that  Court,  whatever  may  be  the  result  of  the  proceedings 

r  upon  this  hearing,  has  ultimately  to  determine  the  whole 

1600  merits  of  the  case.  To  that  Court  it  therefore  belongs  to  in¬ 
quire  and  ascertain  whether  the  plaintiffs  have  a  valid  pa¬ 
tent  right,  that  is,  whether  Mr. 'Sickels  was  the  original  and 
first  inventor  of  this  alleged  discovery  ;  whether  there  is 
novelty  in  it ;  whether  it  is  useful ;  and  whether  it  is  a  discov¬ 
ery  for  tw^o  classes  of  machinery,  performing  distinct  offices, 
and  each  carrying  within  itself  a  perfect  title,  or  wheth¬ 
er  the  patentee  claims  a  combination  or  union  of  two  classes 
of  machinery  into  one,  rendering  the  patent  entire  for  the 
joint  co-operation  of  the  two,  and  not  an  independent  inven- 
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tion  and  discovery  of  eacli  one  acting  separate  and  apai'tlt)^ 
from  the  other.  Before  that  Court,  also,  will  have  to  be  in¬ 
quired  whether  the  defendants’  machine  infringes  Sickels' 
discovery.  That  is  a  compound  question,  very  intricate  in 
its  nature,  and  depending  upon  a  variety  of  facts  and  prin¬ 
ciples  of  law.  At  lii*st  view,  the  defendants’  machine  may  seem 
to  act  essentially  in  the  same  way  as  the  plaintifts’.  It  may 
present  to  the  eye,  substantially,  the  parts  of  the  plaintilfs' 
machine,  or  the  opposite  of  it ;  and  it  may,  perhaps,  use,  to 
a  great  degree,  the  elements  composing  the  plaintiffs'  dis¬ 
covery.  1  et  it  is  a  principle  of  law,  that  if  a  patent  is  ta-  ItlO'i 
ken  out  for  a  combination  of  apparatus,  and  another  party 
interferes  and  possesses  himself  of  a  part  of  that  combina¬ 
tion,  and  uses  only  a  part,  such  act  does  not  amount  to  an  in¬ 
fringement  or  violation  of  the  patent — r)f  the  combination 
itseK.  That  will  be  a  question  to  be  determined  in  the 
Court  of  Equity.  It  will  also  be  a  question  to  be  determin¬ 
ed  in  that  Com’t,  whether  the  defendants,  under  the  two  pa¬ 
tents  issued  to  Corliss,  acquired  any  title;  and,  if  so,  what 
that  title  covered,  and  whether  it  interferes  with  the  patent  1603 
of  the  plaintifis.  To  that  Court  it  belongs  to  inquire  and 
determine  whether  the  machine  operated  by  the  defendants 
was  constructed  in  conformity  to  the  paper  grant  to  Corliss ; 
and  whether,  upon  the  facts  and  evidence  in  the  case,  as  it 
is  operated,  it  conflicts  with  and  violates  the  rights  of  the 
plaintiflPs.  lliese  are  questions  yet,  for  aught  we  know, 
pending  in  that  Court,  to  be  decided.  These  are  questions 
concomitant  with  all  patent  suits,  and  especially  so  with  the 
questions  of  identity  that  have  been  raised  and  presented 
to  us  for  investigation  and  decision.  But,  in  this  instance, 
four  duties  are  limited  simply  to  the  question  of  the  sub- 1604 
(stantial  identity*  of  the  two  machines.  It  will,  doubtless, 
occur  to  you  that  it  would  have  been  desirable  that  the  en¬ 
tire  action,  with  its  complicated  questions  of  law  and  of  fact."" ' 
so  running  together  or  springing  out  of  it,  should  have  been 
acted  upon  by  one  tribunal ;  and  that  the  forum,  whichever  it 
might  be,  should  have  before  it  the  determination  of  the 
entire  question  of  merits,  should  settle  the  title  of  the 
plaintiflfe,  should  determine  the  rights  of  the  defendants,  and 
should  therefrom  deduce  the  conclusion  whether  the  defend- 1605 
ants  were  infringers,  or  whe^er  the  plaintiflfs  had  no  title. 

I  think  it  must  be  obvio^  to  you,  not  only  that  there 
would  be  great  propriety  in  keej^ing  together  these  ques¬ 
tions  before  one  Court,  Aom  the  nature  and  character  of  the 
subjects,  but  that,  in  other  respects,  there  would  be  a  sur¬ 
passing  importance  in  having  the  entire  examination  in  the 
presence  of  one  tribunal. 

The  Court  of  Equity,  gentlemen,  ordinarily  proceeds 
upon  evidence  given  by  written  depositions.  They  are 
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1(506  taken  out  of  the  presence  of  the  Court,  and  very  frequently 
in  presence  only  of  the  party  who  procures  them  and  offers 
them  on  the  hearing.  There  is  not  necessarily  a  cross- 
examination  of  the  witnesses,  and,  even  if  one  is  had,  it  can¬ 
not  always  be  relied  upon  as  thorough  and  perfect.  The 
testimony  may  be  taken  before  an  officer  who  probably  has 
not  the  means  of  controlling  the  conduct  of  the  witness 
and  of  drawing  from  him  his  knowledge  of  matters  on 
inquiry  so  perfectly  as  might  be  desired  and  would  be 
effected  in  a  court  of  justice.  x\ccordingly,  these  deposi- 
1(507  tions  infrequently  burthened  and  laden  down  witli 

irrelevant  and  rambling  statements,  and  the  attention  of 
the  Court  is  greatly  distracted  and  fatigued  in  sifting  the 
papers  and  in  separating  the  unimportant  from  that  which  is 
pertinent  and  valuable.  It  is  difficult,  oftentimes,  to  deter- 
]nine  tlie  proper  effect  to  be  given  to  statements  thrown  in 
merely  collaterally,  and  it  is  more  difficult  to  ascertain 
whetlier  a  witness  is  testifying  to  matters  of  fact  within  his 
own  knowledge  or  to  conclusions  of  his  judgment  drawn 
IgOg  from  his  experience  or  prejudices.  As  lias  been  said  by  the 
learned  judge  whose  opinion  in  part  was  read  yesterday  to 
you, — “  these  witnesses  on  affidavit  all  stand  six  feet  high.- ' 
This  metaphor  is  true  and  significant,  and  imports  that  the 
Court  or  jury,  when  called  upon  to  determine  facts  from 
written  depositions,  have  no  means  of  ^  distinguishing  be¬ 
tween  the  effect  and  value  of  one  man’s  testimony  and  those 
of  another’s.  The  witness  who  sliould  measure  relatively 
five  feet  eight  with  his  taller  compeers  in  a  deposition, 
stands  head  and  shoulders  equal  with  tlie  most  experienced 
7g()9  and  competent  of  them.  Before  a  jury,  and  in  the  presence 
of  a  Court,  there  is  the  eminent  advantage,  not  only  to 
become  conscious  that  the  witness  is  entitled  to  credit  from 
his  character  and  acquirements,  but  to  discriminate  whether 
he  speaks  from  personal  knowledge  and  familiarity  with  the 
facts  or  whether  he  testifies  upon  opinion  or  hypothesis ; 
and  you  are  satisfied,  I  have  no  doubt,  from  your  experi¬ 
ence  in  this  case,  of  the  importance  of  this  test  in  determining 
the  weight  which  should  be  given  to  testimony,  out  of  and 
above  the  form  of  words  in  which  it  may  be  delivered. 
You  have  heard  the  testimony  of  six  or  more  experts  iqion 
1610 points  in  dispute  between  these  parties.  I  think  I  may 
anticipate  your  judgment  that  these  witnesses  are  individu¬ 
ally  entitled  to  the  fullest  confidence  in  respect  to  integrity, 
intelligence,  experience  and  high  attainments  in  many 
branches  of  the  arts  and  sciences  ;  and  yet  it  must  be  mani¬ 
fest  that,  in  regard  to  mechanical  facts  to  the  craft,  and  to  the 
specific  subjects  which  have  been  investigated  before  you, 
there  are  distinctions  very  important  to  be  known  in  the 
capability  of  these  witnesses  to  give  you  instructions  which 
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may  safely  be  relied  upon  as  guides  to  yoiu*  judgment.  1611 
The  Court  of  Equity  is  deprived  of  the  advantage  you  have 
enjoyed,  and  I  think  it  would  be  an  important  improve¬ 
ment  in  the  trial  of  patent  causes,  if,  in  all  instances,  the  wit¬ 
nesses  were  called  in  presence  of  the  Court  and  there 
examined.  There  would  be  a  further  advantage  in  that,  not 
to  be  overlooked.  You  have  sat  a  period  of  twenty-five 
days  successively  hearing  this  testimony.  It  has  been  taken 
in  yom*  presence  by  stenographei's,  as  delivered,  and  without 
the  pause  of  a  moment  to  enable  them  to  keep  pace  with 
the  utterance  of  the  witness,  and  it  is  now  before  you,  writ- 1612 
ten  out  with  a  fullness  and  accimacy  pei-fectly  inaiwellous. 

It  is  prepared  now  to  repeat  to  you  questions  and  answers 
in  the  very  words,  emphasis  and  pauses  employed  by  the 
counsel  and  witnesses.  The  words  seem  to  have  been  tran¬ 
scribed  on  paper  in  almost  their  sounds  as  they  fell  from  the 
witnesses.  Yet,  if  you  had  not  seen  these  witnesses — il‘  no 
more  than  the  words  had  been  read  over  in  your  hearing, 
could  they  have  communicated  to  your  minds  the  impression 
springing  now  fi’om  their  perusal,  which,  in  efiect,  is  a  reitera¬ 
tion  viva  voce  by  the  witness  of  his  statements,  and  thus  re¬ 
calls  to  your  recollection,  not  his  language  only,  but  his  1613 
tones,  his  looks,  and  his  mamier  ? 

Moreover,  a  Com*t  of  Equity  would  enjoy  a  further  ad¬ 
vantage  over  you  if  it  could  hear  evidence  in  the  same 
manner.  You  will  now,  at  the  termination  of  the  trial, 
after  the  remarks  that  I  may  submit  to  you,  retire  to  con¬ 
sider  and  decide  the  cause.  TYhat  are  you  to  do  ?  Here  is 
testimony  that  has  occupied  three  weeks  in  its  delivery. 

This  evidence  has  not  been  discussed  in  anv  detail  before 
you.  Its  extent  rendered  that  impracticable.  It  has  scarcely 
been  adverted  to  bv  the  coimsel.  Thev  have,  on  the  one  side  1614 
or  the  other,  touched  particular  points  bearing  upon  the  great 
features  of  them  case,  but  have  not  read  over  the  evidence 
to  you,  nor  restated  it.  They  have  not  commented  on  its 
credibihty,  weight  or  bearing  in  its  various  ramifications, 
and  thus  aflbrded  you  the  aid  of  their  study  and  criticism  of 
its  diversified  quahties  and  effect.  It  will  be  impracticable 
to  take  these  quires  of  testimony  into  your  room,  and  read 
it,  and  compare  its  parts,  and  in  that  way  mastei-  its  full 
force.  How  much  time  must  it  occupy  ?  You  have  an  il- 1615 
lustration  in  point  to  that  inquiry.  One  of  your  fellow- 
jurors  was  absent  two  days  from  the  j)anel,  and,  upon  his 
return,  the  testimony  taken  dm’ing  that  time  was  read  to 
him,  and,  to  my  suiqmise,  it  developed  this  great  fact  in  the 
management  of  jury  trials — that  testimony  can  be  taken 
orally  from  a  witness,  can  be  wntten  down  verhatim  in 
Court,  he  can  be  examined,  and  re-examined,  and  verify  the 
justness  of  the  report  of  his  evidence,  within  the  time  it  re- 
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1616  quires  to  read  over  his  statements  after  being  written  out. 
If  you,  then,  had  the  time,  as  the  Court  of  Equity  would 
have,  to  take  this  statement  on  your  retirement,  and  spend,  not 
to-day  and  Monday,  but  weeks,  if  necessary,  to  a  period  as 
long  as  we  have  sat  here,  more  than  twenty  days,  in  hearing 
this  case,  and  then  leisurely  and  considerately  trace  out 
upon  these  machines,  by  the  light  of  that  evidence,  eveiy 
feature  in  question,  and  carry  in  your  minds,  in  the  investi¬ 
gation,  the  impressions  which  the  deportment,  the  character 
and  the  intelligence  of  the  respective  witnesses  made  upon 
you,  would  you  not  arrive  at  a  determination  more  satis¬ 
factory,  as  to  the  substantial  identity  of  the  two  machines, 

1617 than  you  can  do  now? 

The  Court,  without  probably  your  sagacity  and  skill  in 
mechanical  arts,  yet,  by  careful  study,  with  the  aid  of  books 
to  interpret  obscure  phrases  and  tferms,  might  possess  it¬ 
self  of  the  technology  of  the  arts,  and  learn  the  general 
principles  of  mechanical  construction  and  science,  suffi¬ 
ciently  to  appreciate  and  apply  the  testimony  according  to 
its  sound  effect,  iii  deciding  the  points  in  controversy. 
It  could  do  so  with  a  deliberation  not  in  your  power  to 
bestow,  and,  having  had  the  witnesses  in  its  presence  and 
heard  their  testimony  orally,  and  also  having  that  tes¬ 
timony  again  brought  before  it  so  vividly  as  to  seem 

1618  to  reproduce  each  witness  to  repeat  it  over  and  over  in 
the  very  language  in  which  it  was  delivered,  the  Court 
might,  with  the  aid  of  the  machinery,  models,  drawings, 
and  descriptions  of  each  particular  part  and  arrangement  of 
apparatus  in  either  machine,  proceed  to  analyze,  compare, 
collate  and  determine  the  disputed  facts,  with  vastly  greater 
means  and  opportunity  of  doing  justice  between  these  par¬ 
ties  than  you  possess  or  could  employ,  and  it  would,  besides, 
have  before  it  the  merits  of  the  case  in  all  its  bearings. 
That  is  not  so  at  present.  You,  observe,  gentlemen,  that 
we  take  but  a  partial  and  imperfect  cognizance  of  the 
cause.  It  is  submitted  to' us  in  precise  terms,  but  reserv- 

1619  edly,  and  no  further  than  the  issues  sent  here  to  be  tried 
indicate.  We  must  examine  it  and  render  our  decision, 
upon  it  in  conformity  to  the  evidence  applicable  to  those 
precise  issues,  and  without  regard  to  general  merits.  The 
Court  of  Equity,  when  it  came  to  look  into  the  case,  (and 
how  far  that  Court  proceeded  to  adjudge  upon  it  is  not  indi¬ 
cated  to  us,)  heard,  it  appears,  evidence  and  the  arguments 
of  counsel,  and  no  doubt  clearly  apprehended  the  control¬ 
ling  features  of  the  case,  and  wherein  it  might  be  service¬ 
able  to  have  further  light  upon  it  than  was  furnished  by 
the  proceedings  in  that  Court.  It  paused  in  its  deter¬ 
mination  and  sent  one  portion  of  the  case  here  for  trial, 
or,  what  is  equivalent,  transferred  it  to  another  branch  of 
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the  same  Court,  to  obtain  the  judgment  of  a  jury  upon  two  1620 
distinct  and  specific  inquiries.  Those  inquiries,  gentlemen, 
are  the  guide  and  limit  to  the  investigation  that  we  are 
called  to  make.  The  Court  has  specified,  in,  its  inquiries,  the 
exact  difficulty  in  the  way  of  the  disposition  of  the  cause  in 
Equity.  Wlien  that  difficulty  shall  be  obviated  by  your 
verdict,  that  Court  will  be  prepared  to  j)roceed  and  make  a 
final  determination  of  the  whole  subject.  The  awkward¬ 
ness  of  these  proceedings,  as  illustrative  of  the  importance 
of  having  the  entire  case  within  the  control  of  one  Court, 
will  be  observable  in  this,  that  after  all  this  toil  of  yours,  1621 
after  this  prolonged  controversy,  and  after  your  verdict 
shall  have  been  sent  to  the  Court  of  Equity,  it  is  the  right 
of  the  party  against  whom  your  finding  may  be,  to  move 
that  Court  to  disregard  it  wholly.  It  is  the  right  of  that 
Court  to  decide  the  cause  irrespective  of  the  verdict ;  and  it 
is  the  right  of  both  parties  to  bring  before  the  Court  of 
Equity,  on  final  hearing,  the  testimony  taken  on  this  trial, 
and  use  it  there  as  proof  upon  written  depositions,  the 
Judge  in  Equity  not  having  any  benefit  of  this  personal 
examination  of  the  witnesses,  unless  indeed  it  should  1622 
chance,  from  the  peculiar  organization  of  this  Court,  that 
the  Judge  who  now  presides  here  should  be  the  one,  or 
one  of  the  two,  who  may  sit  at  the  final  hearing  of  the  cause 
in  Equity.  Tliat  contingency  is  not  contemplated  in  the 
order,  nor  is  it  likely  to  occur.  If  it  comes  to  the  Judge 
from  whom  these  issues  proceeded,  he  will  be  put  to  the 
responsibility  of  determining  the  facts  passed  upon  by  you, 
on  a  rehearsal  only  of  evidence  stated  upon  paper,  without 
that  most  vivid  and  impressive  commentary  which  the  pre¬ 
sence,  action,  delivery,  and  manner  of  the  witnesses  are  1623 
calculated  to  give  it. 

What  then  are  the  questions  we  have  to  deal  with  ?  They 
are  stated  in  these  issues,  and  it  will  be  important  that  you 
should  pay  attention  to  the  phraseology  and  emphasis  of 
these  directions,  because  I  do  not  contemplate,  myself,  to 
speak  at  any  great  length  upon  any  branch  of  this  case. 

“  Ordered  :  That  the  following  questions  be  tried  at  law, 
before  a  jury,  in  the  first  above-named  cause,  at  the  next 
regular  Jerm  of  this  Court  to  be  held  in  the  Southern  Dis- 1624 
“  trict  of  Kew  York,  namely : 

“  I.  Whether  or  not  the  construction,  arrangement  or 
combination  of  the  apparatus  used  by  the  defendants  for 
“  the  more  readilv  cuttino’  off  steam  in  workino;  the  steam- 
“  engine,  as  charged  by  the  complainants  in  their  bill,  are 
substantially  identical  with  the  construction,  arrangement 
or  combination  of  the  apparatus  described  in  and  claimed 
by  the  complainants  under  the  patent  granted  to  F.  E. 
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1625  “  Sickels,  20th  May,  1842,  for  the  more  readily  cutting  off 

steam  in  working  the  steam-engine.” 

In  the  first  place,  there  is  presented  to  your  attention 
a  h3rpothetical  inquiry.  You  are  to  make  a  comparison, 
and  draw  a  conclusion  from  that  comparison.  One  set 
of  apparatus  is  to  he  compared  with  another,  and  you 
are  to  determine,  in  that  way,  whether  the  defendants’ 
is  substantially  identical  with  the  plaintiffs’,  without  any 
definition  given  you,  by  the  terms  of  the  issues,  of  the  na¬ 
ture  and  mode  of  operation  of  the  plaintiffs’  apparatus. 

1626  What,  then,  are  you  to  take  as  the  foundation  of  this  com¬ 
parison  ?  There  must  be  some  criterion  established,  to  en¬ 
able  you  to  draw  the  comparison  required  at  your  hands. 
The  criterion  indicated  by  this  order,  is  the  construction, 
arrangement  or  combination  of  either  part  of  the  apparatus 

'  described  in  and  claimed  by  the  complainants  under  The 
patent  granted  to  F.  E.  Sickels.  Although  this  order  does 
not,  in  terms,  impose  upon  the  Court  the  necessity  of  con¬ 
struing  that  patent,  of  determining  its  scope  and  fixing  its 
limits,  or  of  adjudging  in  what  way  it  operates,  yet,  to  a  cer- 

1627  tain  extent,  there  may  be  a  necessity  for  a  legal  exposition, 
on  this  trial,  of  some  of  its  terms.  You  will  take  first,  how¬ 
ever,  the  fact,  conceded  throughout  the  trial — that  the  black 
model  before  you  is  a  fair  exhibit  of  the  invention  of  the 
patentee — that  that  embodies  to  the  eye  all  the  combination 
of  the  parts,  and  a  representation  of  the  apparatus  that  is 
claimed  under  the  Sickels  patent.  Yet,  it  is  necessary  to 
know,  to  a  certain  extent,  what  is  its  principle ;  because,  the 
vitality  of  this  apparatus  or  combination  lies  beyond  the 
mere  parts  of  machinery,  or  mechanical  instruments  pre- 

1628  sented  by  it.  The  apparatus  is  put  together  for  some  ob¬ 
ject.  It  is  calculated  to  effect  some  end;  and,  as  the  order 
of  the  Court  of  Equity  does  not  determine  what  its  purpose 
is,  this  Court  is  to  ascertain  and  declare  that,  from  the  des¬ 
cription  and  claim  given  by  the  specification,  and  set  up  on 
the  part  of  the  plaintiffs  in  their  bill.  Substantially,  in  my 

.  opinion,  the  spirit  or  purpose  of  the  first  part  of  this  con- 

/  trivance  is,  a  means  or  process  by  which,  in  operating  the 

^  valve-stem  which  carries  in  its  ascent  and  descent  the 
valves,  the  steam  may  be  cut  oft'  at  a  fixed  point  of  the  pro- 

1629  gress  of  the  piston  previous  to  its  running  out  the  whole 
length  of  its  stroke,  so  that  the  steam  shall  cease  to  be 
passed  into  the  cylinder.  It  is  not  questioned,  but  that 
long  anterior  to  this  patent,  that  fact,  as  an  essential  par¬ 
ticular  in  the  management  of  steam-engines,  was  familiar  to 
engineers,  and  that,  in  practice,  steam  was  cut  off  at  half¬ 
stroke  when  atmospheric  engines  were  in  operation ;  and 
this  must  necessarily  be  so^  otherwise,  the  engine  or  piston 
is  left  to  the  unmanaged  control  of  the  power  propelling  it. 
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That  was  done  by  a  very  different  apparatus  from  this.  1630 
And  it  may  be  assumed  in  this  case,  so  far  as  the  question 
before  you  is  concerned,  that  the  patentee  has  a  legal  title  i 
to  his  device,  and  to  his  means  for  effecting  that  object.  1 
The  principle,  then,  of  his  invention  is,  a  process  or  means  / 
by  which  the  engine,  whilst  in  operation,  is  enabled,  after/ 
lifting  a  steam-valve  off  its  seat,  to  trip  the  valve,  as  it  is\ 
termed — that  is,  cause  it  to  be  detached,  and  the  steam- \ 
valve  to  be  earned  back  to  its  place  by  its  own  gravit}\  That 
idea,  no  doubt,  is  patentable ;  but,  still,  it  is  obvious  that  a 
machine  in  action,  with  that  improvement  only,  would  be  1631 
exposed  to  injury  by  the  slamming  or  concussion  of  the 
valves  as  they  dropped  to  their  seats,  as  it  appeal’s  that 
these  valves  are  heavy  metallic  plates  or  wedges,  or  what¬ 
ever  form  they  may  have,  and  fall  with  considerable  force. 

The  contrivance  refeiTed  to  in  the  first  issue  has  relation 
to  the  branch  of  the  discovery  which  concerns  the  tripping, 
and  the  principle  of  it  is,  that  that  apparatus  must  be  so  ar¬ 
ranged  and  constructed  as  to  take  hold  of  the  valve-stem 
by  means  of  a  spring  entering  into  notches  on  the  stem,  by 
which  the  stem  is  canled  up  by  the  lifter  to  a  particular  1632 
point,  where  a  wedge  is  stationed  on  an  upright,  and  so 
formed  upon  its  faces  or  edges  that  the  points  of  the 
spring  which  clasps  the  body  of  the  stem  will  pass  over  the 
exterior  sides  of  the  wedge,  and  by  it  be  pressed  apart,  so 
as  to  let  loose  the  valve-stem,  and  leave  the  valve  fr’ee  to 
fall  by  its  weight ;  and  then,  the  engine,  passing  down  to 
its  first  position,  will  re-seize  or  take  up  the  stem  and  carry 
it  up  to  perfomi  again  the  same  oj)eration,  without  the  in¬ 
terposition  of  any  manual  assistance.  This,  no  doubt,  was 
regarded  by  the  Court  of  Equity  as  a  patentable  discovery,  1633 
and  to  have  been  well  secured,  by  this  patent,  to  Mr.  Sick- 
els,  as  the  order  reasonably  imports ;  but,  if  the  decision  of 
that  point  by  the  Court  of  Equity  is  not  to  be  implied,  then 
you  are  to  take  it  as  the  instruction  of  this  Court. 

Again,  as  to  the  second  issue — for  it  will  be  more  conve¬ 
nient  to  state  the  case  to  you  as  an  entirety,  than  to  separ¬ 
ate  it  into  parts,  because  it  is  substantially  one  question 
under  two  heads — that  inquiry  is :  “  Whether  or  not  the  con- 
“  struction  and  arrangement  ’’  (dropping  the  word  combina- 
“  tion  in  this)  “  of  the  apparatus  for  preventing  the  slamming  1634 

of  the  valves  in  closing,  used  by  the  defendants,  as 
“  charged  in  the  bill,  are  substantially  identical  with  the 
“  construction  and  arrangement  of  the  apparatus  described 
“  in  and  claimed  by  the  complainants  under  the  aforesaid 
“  patent.” 

There  are  two  particulars  prominent  upon  tliis  inquiry  ; 

In  the  first  place,  that  the  Court  of  Equi  ty  does  not  under¬ 
stand,  or  did  not  regard  it  as  a  point  to  be  embraced  in 
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1635  this  issue,  that  there  is  any  claim,  in  the  patent,  for  a  combi- 
I  nation  of  apparatus  to  effect  that  object;  and  the  other 
f  fact — a  very  important  one,  certainly,  in  regard  to  this  con- 
!  troversy — ^that  the  Court  did  understand  and  does 
'  impliedly  assert  in  this  order  of  issue,  that  the  defendants 
.  were  using  a  machine  or  contrivance  to  prevent  the  slam- 
I  ming  of  their  valves,  and  not  leaving  it  an  open  question  of 
I  inquiry  whether  the  air-pots  placed  under  the  machine  of 

J  the  defendants  are  there  for  a  purpose  wholly  diverse  and 

1636  different  from  that  intended  by  the  plaintiffs’  dash-pot  and 
plunger  (a  view  most  ably  pressed  by  the  argument  for  the 
defendants) — on  the  contrary,  that  that  Court  did  consider 
the  contrivance  to  be  applied  by  the  defendants  for  the  pur¬ 
pose  of  preventing  the  valves  from  slamming,  and,  there¬ 
fore,  to  be  used  in  like  manner  and  to  the  same  end  as 
that  described  in  the  claim  of  the  plaintiffs  is  used  by 
them.  The  Judge,  in  framing  the  order,  in  effect  disposes 
of  that  point.  He  plainly  acts  upon  the  assumption  that 
the  charge  in  the  bill  was  established  before  him — that 
these  air-cylinders  were  used,  in  closing  the  valves,  in  order 
to  prevent  the  slamming — and  he  seeks  information  from 
you,  not  whether  that  be  the  effect  and  purpose  of  the  ap¬ 
paratus  and  contrivance,  but  whether,  having  that  effect  and 
purpose,  it  be  substantially  identical  with  the  contrivance 
of  the  plaintiffs,  in  the  use  of  their  water-dash-pots.  The 
contrivance  of  the  plaintiffs  is  a  pot  of  wood  or  metal,  pro- 
babty  metal  in  practice,  forming  a  sort  of  cylinder  or  cis¬ 
tern,  prepared  for  holding  water,  or,  as  the  patent  says, 
“  other  fluid.”  The  cylinder  is  of  equal  size  to  a  certain 

1638  point,  and  then  a  subordinate  or  inferior  chamber  is  made 
in  the  body  of  the  cylinder,  or  a  movable  one  placed  below 
or  within  it.  This  chamber  terminates  in  a  contraction, 
diminishing  in  circumference  from  its  commencement  in 
the  cylinder.  Above  this  cup,  or  secondary  chamber, 
there  is  sufficient  space  between  the  plunger  and  the  cylin¬ 
der  for  the  escape  of  the  water.  The  cylinder,  or  dash-pot, 
is  placed  in  water  or  filled  with  water,  also  surrounding  it. 
The  dasher,  piston  or  plunger,  is  prepared  of  a  size  to  move 
easily  within  the  circumference  of  the  main  cylinder  or  pot 
until  it  approaches  the  smaller  cup  or  chamber,  driving  the 

1639  water  under  it,  and,  having  passed  into  the  secondary  cup, 
all  the  water  not  pressed  out  concentrates  in  the  cup  or 
secondary  chamber.  Thus,  the  water,  yielding  gradually 
to  the  pressure  of  the  plunger,  checks  its  descent,  and  stops 
it  without  jar  or  concussion,  as  it  closes  the  aperture  at  the 
instant  the  valve  settles  upon  its  seat.  The  cup  or  second¬ 
ary  chamber  is  made  adjustable  by  a  screw  or  other  device, 
so  as  to  stop  the  plunger  at  such  a  point  of  its  descent  as 
shall  precisely  correspond  to  the  touching  or  seating 
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of  the  valve  upon  its  bed.  Consequently,  when  this  1640 
machine  is  in  operation  and  the  valve  is  let  drop,  instead 
of  allowing  the  valve  to  rush  to  its  seat  by  the  force  of 
gravity  or  its  own  weight,  the  plunger  and  water-pot,  so 
constructed  and  arranged,  allow  it  to  sink  rapidly  until  it 
gets  to  the  point  of  closing,  when  it  is  checked  and  the 
valve  is  closed  without  slamming  or  any  jar  upon  any  por¬ 
tions  of  the  machine.  That  is  the  principle.  It  is  not  de¬ 
nied  that  in  construction  and  operation  this  principle  is 
carried  out,  and  that  the  patentee  has  succeeded  in  effectu¬ 
ating  what  he  proposed.  It  is  urged,  with  great  power  of 
argument,  upon  the  evidence  of  Mr.  Hogg,  that  Sickels  is  1641 
not  the  inventor  of  his  plan,  but  borrowed  it  from  a  previous 
discovery  of  Mr.  Hogg.  You  are,  however,  to  bear  in  mind 
that  the  validity  of  this  patent  is  not  on  trial  here.  That 
question  belongs  to  the  Court  of  Equity.  The  testimony 
was  admitted  here  to  a  different  end,  which  was  explained 
at  the  time — that  is,  to  show  the  dissimilarity  of  the  plain¬ 
tiffs’  dash-pot,  in  its  arrangement  and  construction,  to  that 
of  the  defendants,  and  to  that  end  alone  it  is  entitled  to  be 
considered  by  you.  After  you  get  before  your  minds  the 
principle  of  the  plaintiffs’  machine,  the  point  of  inquiry 
will  be  solely  whether  the  defendants  are  using  an  arrange- 1642 
ment  or  construction  of  apparatus,  wliich,  in  the  terms  of 
the  issue,  is  substantially  identical  with  that  claimed  by  the 
plaintiffs  for  preventing  the  slamming  of  the  valves.  A 
question  of  law  is  raised  whether  tlie  patentee  is  not  restrict¬ 
ed,  by  his  claim,  to  the  use  of  water  alone  in  his  dash-pot, 
so  that  the  use  of  any  other  agency,  fluid  or  not,  for  the 
same  purpose,  is  free  to  anybody  who  may  devise  a  means 
of  employing  it.  Tbat-question.will  not  b^  before  you,  but 
will  be  hereafter'disposeaTyfas  anoint  of  law.  You  have, 
then,  before  you  the  principle  of  the  plaintiffs’  apparatus.  1643 
The  policy  of  the  patent  law  is,  to  secure  to  discoverers  and 
inventors  a  property  in  their  inventions,  and  to  give  them  a 
perfect  right  to  enjoy  it  to  the  exclusion  of  all  others.  That 
is  the  benign  scope  and  aim  of  the  law  ;  but  it  recognizes 
and  proceeds  upon  another  policy,  equally  important  and 
prevailing — that  persons,  under  the  form  of  a  patent,  cannot 
be  permitted  to  possess  themselves  of  things  known  to  the 
public.  A  further  principle  applicable  to  this  case,  and  no 
less  important,  is,  that  one  man,  by  entering  the  field  of  dis¬ 
covery,  and  projecting  and  perfecting  useful  inventions,  does 
not  thereby  exclude  others.  Everybody  else  may  pursue  1644 
the  same  object  in  the  same  department  of  discovery.  That 
Mr.  Sickels  has  invented  these  two  machines  and  brought 
them  to  practical  and  beneficial  use,  does  not  prevent  Mr. 
Corliss  Irom  accomplishing  the  same  purposes  by  inventions 
of  his  own,  provided  he  invents  some  new  instrumentality 
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1645  or'  creates  some  new  combination  distinct  from  that  em- 
ployed  by  Mr.  Sickels.  The  plaintiffs  acqnire,  under  the 

^J>  patent,  nothing  more  than  the  specific  inyention  of  Mr. 
Sickels ;  and  that  cannot  be  the  general  idea  or  principle  of 
I  cutting  off  steam  by  detaching  a  valye-stem  from  a  lifter,  or 
so  bringing  it  back  with  the  valve  as  to  reseat  it  without 
slamming.  The  invention  securable  under  the  patent,  is 
the  construction,  arrangement  or  combination  of  apparatus 
in  a  new  way  to  effect  that  pm’pose  and  result.  Every 
other  person  may  do  the  same  thing  by  a  method  or  pro- 

1646cess  substantially  different  from  that  patented  to  Sickels. 
So,  also,  every  one  has  a  right  to  patent  an  improvement 
upon  that  machine,  and  Mr.  Sickels  could  not  use  the  im¬ 
provement  without  the  license  of  the  inventor  and  patentee 
of  it.  The  law  lays  the  same  restriction  on  him,  and  he 
cannot  apply  his  improvement  to  Mr.  Sickels’  patent  and 
use  that  without  the  consent  of  the  plaintiffs.  It  is  of  no 
importance  on  this  issue  if  the  defendants  have  made  import¬ 
ant  improvements  on  the  plaintiffs’  machine,  enhancing  its 
value  and  efficiency — the  rights  of  the  parties  in  the  present 
inquiry  depending  upon  the  fact  whether,  in  the  construction 

1647  of  their  machine,  the  defendants  have  got  into  it  substan¬ 
tially  what  was  Sickels’  discovery.  Mr.  Corliss  may  have 
superadded  particulars  transcending  in  value  the  original 
discovery ;  but  that  circumstance  in  no  way  authorizes  him 
to  appropriate  the  invention  and  discovery  of  the  patentee. 
Mr.  Corliss  took  out  two  patents  subsequently  to  the  issue  of 
the  patent  to  Sickels,  and  those  ipsitents  are  prima  facie  evi¬ 
dence  that  the  defendants’  machine,  if  made  conformably 
to  them,  does  not  interfere  with  Mr.  Sickels’.  The  patent 
law  confers  upon  the  Commissioner  of  Patents  authority  to 

1648  issue  patents.  He  does  not  do  it  upon  the  mere  applica¬ 
tion  or  petition  of  a  person,  representing  that  he  has  made  a 
discovery,  but  it  is  done,  as  it  were,  judicially,  after  full  ex¬ 
amination  and  inquiry.  He  is  aided  by  officials  schooled 
in  the  subject.  The  officers  are  created  for  the  purpose  of 
that  investigation,  and  are  supposed  to  make  it  with  impar¬ 
tiality,  skill  and  fidelity.  It  is  their  duty  to  become  cog¬ 
nizant  of  the  arts  as  they  existed  at  the  time  ;  and  in  this 
case  it  is  to  be  assumed  that  they  had  before  them  Sickels’ 

1649  patent,  and  understood  its  purjDort,  and  pronounced,  in  their 
judgment,  that  Corliss’  patents  would  not  interfere  with  it, 
and  that,  on  such  conclusion,  patents  were  issued  to  him  for 
his  arrangements  and  improvements.  This,  in  law,  isprima 
facie  evidence  of  good  title  in  him,  and  that  his  machine 
does  not  interfere  with  Sickels’  patent,  and  it  then  devolves 
upon  the  plaintiffs  to  produce  sufficient  proof  to  show,  that 
notwithstanding  the  subsequent  grant  of  those  patents,  they 
do,  in  fact,  incorporate  within  the  grant  substantially  the 
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discovery  of  Sickels;  and,  if  that  is  proved  satisfactorily  to  1650 
the  jury,  then  they  must  find  for  the  affirmative  of  the 
issues. 

Tliese  preliminary  observations  are  intended  to  direct 
your  attention  with  distinctness  to  the  sole  questions  you 
are  to  pass  upon — whether  or  not  the  defendants’  machine 
embraces  and  embodies  within  it  a  construction,  arrange¬ 
ment  or  combination  substantially  identical  with  the  tripping 
apparatus  of  Sickels,  or  substantially  identical  with  the 
dash-pot  employed  by  Mr.  Sickels.  The  jury  are  not  bound 
to  find  the  same  verdict  upon  lx)th  issues.  You  can  difl’erl651 
in  your  finding  accordingly  as  the  facts  -  impress  yom* 
judgment. 

The  Court  will  limit  its  remarks  to  the  explanation  of  a 
few  propositions  of  law  bearing  upon  these  issues.  It  is 
evident  from  the  nature  of  the  case,  that  various  contro¬ 
vertible  questions  of  law  must  be  involved  in  it ;  and  that 
it  is  so,  is  demonstrated  by  the  fact  that  the  learned  counsel 
have  submitted  to  the  Court,  for  their  respective  parties, 
nearly  thirty  distinct  prayers  for  instructions  upon  separate 
propositions  of  law.  Most  of  them,  in  my  judgment,  enter  1652 
into  the  main  merits  of  the  case,  and  will  more  appro¬ 
priately  be  addressed  to  the  tribunal  which  will  ultimately 
dispose  of  the  cause.  The  principle  involved  in  several  of 
them  is,  no  doubt,  pertinent  to  the  questions  submitted  to 
you,  and  I  shall  submit  to  you  briefly  my  views  upon  them 
before  I  close  mv  remarlis. 

We  are^  driven  somewhat  to  definitions  of  terms,  as  a 
guide  in  this  case.  The  inquiry  is,  whether  the  machine  or 
apparatus  used  b}^  tlie  defendants,  is  substantially  identical 
with  that  claimed  by  the  plaintiffs.  You  have  got  your ; 
point  of  comparison.  That  is  ascertained — the  black  model, 
whicli  embodies  what  Mr.  Sickels  describes  and  claims — and 
you  are  next  to  ascertain  whether  or  not  what  the  defend¬ 
ants  use  is  substantially  identical  with  it.  Suhstantially 
identical  is  a  phrase,  not  denoting  }.K')sitive  sameness,  yet 
significant  of  more  than  resemblance  and  similarity  between 
the  things  to  be  compared  together  or  considered  in  con¬ 
junction.  Sahstantially  is  thus  used  di  iiiinutively — reducing 
and  not  streno:thenino:  the  force  of  If  the  Court 

(ff  Equity  had  demanded  of  yon  wliether  tlie  two  machines  16 
were  identical,  the  inquiry  would  l>e  solved  by  a  mere 
glance  ;  because,  by  turning  to  one  model  and  the  other  you 
would  be  prepared  with  a  response  without  reasoning  or 
hesitation,  for,  in  order  to  be  identical^  the  two  must  cor¬ 
respond  in  all  respects — be  taken  indifierently  one  for  the 
other.  The  difficulty,  then,  will  be,  in  fixing  what  suh- 
stantially^  as  so  used,  imports.  A  suhstantial  identity^  in 
this  connection,  I  apprehend,  implies  that  the  defendants’ 
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165p  construction  and  arrangement  incorporates  and  employs  the 
principles  embraced  in  the  plaintiffs’  apparatus,  without  the 
introduction  of  any  discovery  or  invention  on  their  part, 
unless  they  are  excused  under  the  other  suggestion  that  has 
already  been  made  to  you,  that  they  do  so  by  the  employ¬ 
ment  of  some  machinery,  some  mechanical  instruments, 
entirely  different  from  those  of  the  plaintiffs,  novel  to  them, 
and  not  embraced  in  the  plaintiffs’  patent.  It  would  be  so 
in  commonp  arlance,  and,  in  a  legal  and  artistical  sense  and 
acceptation,  the  substantial  identity  of  one  piece  of  mechan- 
J656ism  with  another,  may  be  taken  to  be  that  degree  of  same¬ 
ness  which  demonstrates  that  both  include  one  principle 
and  invention,  and  are  operated  to  a  common  purpose  and 
result.  Whether  this  be  so  in  this  instance  is  a  matter  of 
fact  exclusively,  for  the  decision  of  the  jury  upon  the  evi- 
*  dence ;  and,  if  it  be  so  found  by  their  verdict,  it  is  not  the 
province  of  this  Court  to  draw  therefrom  the  conclusion  that 
it  amounts  to  an  infringement  of  the  patent.  That  point 
still  remains  before  the  Court  of  Equity  to  be  disposed  of 
1657  by  that  tribunal.  It  by  no  means  follows  that  a  patent 
right  is  violated  by  an  unlicensed  use  of  the  principle  of 
the  invention,  or  of  a  portion  of  the  contrivance  or  appa¬ 
ratus  by  which  the  patentee  carries  out  his  discovery  ;  be¬ 
cause,  when  that  is  done  by  means  of  a  combination  of 
machinery,  and  the  party  complained  against  uses  a  part 
only  of  such  combination  or  contrivance,  and  not  the  whole 
of  it,  he  is  not  chargeable  as  an  infringer  of  the  patent,  upon 
a  doctrine  which  it  is  not  necessary  to  discuss  here.  The 
Court  of  Equity  neither  inquires  of  you  nor  of  this  Court, 
>58  whether  the  construction  and  apparatus  of  the  defendants, 
if  it  includes  the  whole  or  a  part  of  the  invention  of  the 
patentee,  amounts  to  an  infringement  of  the  plaintiffs’ 
right,  nor  whether  the  defendants  have  transferred  into 
their  contrivance  the  entire  combination  in  the  plaintiffs’ 
apparatus.  If  the  defendants  are  using  the  principle  of 
Sickels’  invention,  and  have  got  the  main  features  of  his 
machinery  in  theirs,  although  a  part  of  the  combination  is 
dropped  and  the  plaintiffs’  contrivance  is  added  to  and  im¬ 
proved  by  them,  their  machine  would  be  substantially  iden- 
16|!9  tical  with  the  plaintiffs’.  ^As,  for  instance — suppose  that  an 
important  and  essential  part  of  the  patentee’s  combination, 
as  here  exhibited,  be  the  use  of  the  screw  which  holds  his 
adjustable  sliding  piece  to  its  place,  and  that  the  defendants 
had  transferred  his  apparatus  into  theirs  without  the  use  of 
that  screw,  and  made  it  work  well  with  that  omission, 
still,  in  law,  so  using  the  machine  without  the  screw 
would  not  be  a  violation  of  the  patent,  although  a  jury 
might  justifiably  find  the  two  machines  to  be  substan¬ 
tially  identical.  Thus,  there  may  be  a  substantial  iden- 
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tity  in  the  process  of  working,  in  the  mechanical  arrange¬ 
ments,  means,  adjustments  and  combinations  -which  are 
employed  in  the  two  machines,  by  using  less  than  the 
whole  of  the  plaintiffs’  contrivance  described  in  the  patent, 
and  without  -violating  it.  Fm*ther,  the  defendants’ machine, 
in  contemplation  of  law,  may  be  substantially  identical  with 
the  plaintiffs’,  and  be  also  an  infringement  of  it,  although 
applied  to  different  uses,  ends  and  pui-poses.  The  questions 
propounded  in  these  issues  are  not,  therefore,  disposed  of  by 
showing  that  the  defendants’  inachine  is  better  or  woi’se 
than  the  plaintiffs’ ;  that  it  is  applied  to  the  same  or  to  dif¬ 
ferent  purposes ;  or  that  it  may  not  infringe^t^i^s^aintiffs’ 
patent.  The  properfy^ematny  ~therq7tgmSffs’  so  long-  as  it 
retains  that  substantial  identity,  and  cannot  be  divested  or 
affected  by  means  of  any  new  use  or  improvement  of  it  by 
the  defendants,  whatever  the  novelty,  utility,  or  ingenuity 
of  such  new  use  may  be.  That  doctrine  is  well  exemj)lified 
by  the  history  of  stationary  engines.  The  steam-engine 
was  supposed  incapable  of  being  used  for  marine  pru’poses, 
until  Fulton’s  experiments.  He  applied  it  to  navigation, 
but  was  unable  to  secure  that  mode  of  use  to  himsefi*.  Ex¬ 
ceedingly  important  as  was  that  new  application,  and  so 
nearly  of  kin  to  the  highest  efforts  of  invention,  yet  it  did 
not  entitle  him  to  appropriate  it  to  himself  by  a  patent. 
All  that  could  have  been  patented  to  him  in  that*  respect 
would  have  been  some  peculiar  method  or  means  devised 
for  adai^ting  steam-engines  to  nautical  propulsion,  instead 
of  operating  as  a  stationary  power.  Xor  would  it  become 
a  criterion  of  substantial  difference,  that  the  defendants’ 
machine  is  intended  to  answer  purposes  directly  oj)posite 
to  any  the  plaintiffs  proposed  to  perform  by  their’s.  The 
principle  deducible  from  this  is,  that  admitting  that  the  air- 
cylinder  of  the  defendants’  machine  was  not  constructed  to 
prevent  a  slamming  of  valves,  and  it  should  appear  that 
there  can  be  no  slammino^  of  rotating:  valves  as  used  in  it, 
and  that  it  is  used  and  was  desig-ned  to  hold  back  the  valves 
after  they  had  passed  the  point  where  a  slamming  could 
occur,  still,  if  the  defendants  employ  the  parts  and  con¬ 
struction,  the  arrangement  and  combination  of  the  plain¬ 
tiffs’  machine,  with  its  capacity  and  functions,  it  is  unim¬ 
portant  to  wiiat  results  or  objects  it  is  applied,  except  it 
iiiayTDe”so  in  a  point  ol'  view  to  be  hereafter  considered, 
i.  e.,  to  help  to  ascertain  the  principles  entering  into  and 
characterizing  the  constimction  itseff. 

In  order  to  constitute  a  substantial  identity  of  mechanical 
structure,  it  is  not  necessary  that  all  the  parts  used  in  creat¬ 
ing  or  working  it  should  be  exactly  the  same.  All  the  ex¬ 
perts  examined  in  the  cause  agree  that  this  is  so  in  the  arts, 
and  the  law  puts  no  different  meaning  upon  the  terms. 
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With  artizans  in  work-shops,  various  devices  and  instru¬ 
ments,  well  known  to  the  arts,  may  he  used  to  a  common 
effect.  Take,  in  illustration,  the  adjustable  slide  exhibited" 
in  the  plaintiffs’  model.  It  is  there  held  by  a  screv'. 
According  to  the  testimony  of  the  experts,  it  might  as  well 
be  held  by  a  spring  or  pulley  or  weight.  The  principle  is, 
that  neither  in  fact  or  law  does  the  substantial  identity  of 
one  mechanism  with  another  depend  upon  the  similar  or 
dissimilar  form  of  the  instrumentality  entering  into  their 
composition.  Different  means  or  methods,  capable  of 
working  to  a  common  end,  may  be  interchanged  and  sub¬ 
stituted  one  for  another  according  to  the  will  of  the  artist, 
and  these  are  the  common-place  expedients  at  the  command 
of  his  skill  and  dexterity.  These  substitutes  are  known  in 
4he  arts  as  mechanical  equivalents.  Still,  that  term  is 
not  one  which  has  acquired  a  perspicuous  and  precise 
meaning  in  law.  The  proofs  do  not  show  that  there  is  any 
definitive  and  established  signification  of  the  term  in 
mechauics,  and  yon  are  left  to  gather  from  the  evidence 
what  is  ordinarily  understood  to  be  its  import  and  applica¬ 
tion  practically  in  the  arts  and  sciences.  Having  ascer¬ 
tained  this  matter  to  your  satisfaction,  you  ^vdll  be  prepared 
to  determine  if  the  defendants  have  framed  or  created  their 
machine  by  instrumentalities,  which,  in  a  mechanical  sense, 
are  equivalent  to  the  parts  employed  in  the  combination  of 
the  plaintiffs. 

In  entering  iq)on  the  examination  of  the  two  structures  to 
determine  that  point,  several  considerations  will  be  entitled 
to  weight  as  guides  to  your  conclusions.  First,  the  tli ought 
and  intent  disclosed  in  the  machines.  What  are  both  used 
for,  each  as  an  entirety,  and  do  they  effect  a  common  ob¬ 
ject  and  result  ?  The  controlling  principle  of  the  plaintiffs’ 
machine  has  been  explained  to  you  by  the  Court,  in  giving 
a  construction  of  the  claim  set  up  by  them  in  this  action, 
and  stated  upon  their  bill.  Is  the  same  principle  manifested 
in  the  defendants’  machine,  and  is  it  used  for  like  purposes, 
and  operated  by  means  and  apparatus  substantially  identi¬ 
cal  with  what  are  found  in  the  plaintiffs’  ?  You  are  to 
solve  these  inquiries  upon  your  own  judgment  and  convic¬ 
tion,  enlightened  by  the  testimony  of  the  experts  and 
machinists,  who  have  explained  before  you,  upon  the  models, 
their  views  on  these  subjects.  The  burthen  in  your  duty 
lies  in  appreciating  and  applying  that  testimony.  These 
learned  and  experienced  gentlemen  differ  widely  in  opinion 
in  respect  to  those  points.  You  are  to  ascertain  whether 
or  not  it  has  been  proven  to  your  satisfaction,  that  the  com¬ 
bination  and  construction  of  the  defendants’  machinerv 

t.' 

embodies  the  idea  and  principle  of  the  plaintiffs’  contriv¬ 
ance,  and  carries  it  into  effect  by  mechanical  equivalents. 
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It  is  hardly  necessary  to  repeat  what  has  been  suggested  16 
aLready,  that  you  would  not  be  able  to  determine  this  fact 
by  mere  inspection  ot  the  apparatus,  unless  you  are  mecha¬ 
nicians  schooled  in  that  branch  of  the  arts,  and  must, 
therefore,  found  yom*  opinions  essentially  on  infonnation 
obtained  on  the  trial,  from  experts  and  tlie  books. 

In  examining  the  defendants’  apparatus,  and  recalling  to 
mind  the  eyidence  as  to  its  capacity  and  functions,  do  you 
hnd  that  the  pm^Dose  and  operation  of  it  is  to  ti'ip  the  yalyes 
and  cut  off  steam  at  some  points  of  the  stroke  of  the  piston,  16 
either  at,  beyond,  or  below  half-stroke  i  If  you  find  such 
to  be  its  design  and  effect,  then  you  will  trace  out  the 
means  by  which  that  idea  is  earned  into  execution,  and 
compare  it  -with  the  plaintiffs'  process  and  apparatus  in 
their  machine,  whether  acting  perpendicularly  or  horizon¬ 
tally.  AYIieii  the  machine  is  vertical,  the  valve  is  tripped 
by  opening  the  spring  which  clasps  the  valve-stem,  which 
being  thus  disengaged,  the  valve  falls  to  its  seat  by  its  own 
weight.  Does  the  defendants’  machine  exhibit  a  similar 
contnvance  for  a  like  purj^ose  t  If  you  find  the  working  of  16 
the  two  machines  to  be  alike  in  this  particular,  you  will 
seek  by  aid  of  the  testimony,  and  decide,  whether  the  con- 
struction,  arrangement,  and  combination  of  means  and  ap¬ 
paratus  for  doing  it  by  the  defendants,  is  or  not  substanti¬ 
ally  the  same  as  is  employed  by  the  plaintiffs.  In'  such 
investigation,  you  will  be  required  to  ascertain  whether  the 
defendants’  apparatus,  in  appearance  seemingly  so  milike 
the  plaintiffs’,  is  rendered  substantially  identical  with  it,  by 
the  use  of  mechanical  equivalents  for  the  plaintiff’s’  con¬ 
struction. 

One  piece  of  mechanism  may  be  a  mechanical  equiva-16 
lent  for  another,  without  similitude  to  it  in  parts  or  opera¬ 
tion.  Thus  weights  and  the  compressive  action  of  springs 
may  be  equivalents  of  each  other,  or  wheels,  rock-shafts, 
joints,  wedges,  pulhes,  and  level’s,  be  made,  in  vanous 
conditions,  equivalent  powers,  and  be  substituted  inter¬ 
changeably,  in  mechanical  construceic^,  lor  effectuating  a 
common  purpose. 

An  artist  has  command  of  diversified  means  bv  which  a 
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given  mechanism  may  be  formed,  or  a  particular  mechan¬ 
ical  power  be  exercised.  One  may  accomplish  an  object  by 
very  simple  and  direct  methods ;  anotlier  may  employ  exceed- 1674 
ingly  complicated  arrangements  for  the  same  purpose,  and 
his  method  may  prove  the  best.  In  this  instance,  the  patent 
of  the  plaintiffs  cannot  be  interfered  with  because  the 
patentee  may  have  selected  an  inferior  class  of  mechanical 
means  for  executius:  his  invention,  and  even  thouofh  the  de- 
fendants  may  have  enqffoyed  a  better  one.  The  law  would 
deem  that  merely  an  election  between  known  instrument- 
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0J6  alities  common  to  all  mechanics.  Accordingly,  as  pre¬ 
viously  stated,  the  substitution  of  one  form  or  mode  of  con¬ 
struction  or  gearing,  or  shape  or  size  of  the  parts  by  which 
the  thing  to  be  etfected  is  carried  out,  when  the  same  de¬ 
sign  is  in  view,  would,  in  judgment  of  la^v,  be  but  the  use 
of  mechanical  equivalents,  and  render  the  structures  sub¬ 
stantially  identical. 

If  you  find,  upon  the  proofs,  that  the  combination  of 
parts  in  the  defendants’  apparatus  differs  not  colorably, 
but  essentially,  from  the  plaintiffs’,  and  that  invention  has 
been  employed  in  the  arrangement,  construction,  or  com¬ 
bination  of  any  part  of  the  defendants’  apparatus  alleged 
to  be  like  the  plaintiffs’  invention,  in  such  case,  the  defend¬ 
ants’  machine  is,  in  contemplation  of  law,  substantially 
different  from  that  of  the  plaintiffs’.  Your  decision  will  be 
the  same,  if  you  are  satisfied,  upon  the  evidence,  that  the 
defendants’  machine  could  not  be  constructed  from  the 
specification  in  the  plaintiffs’  patent,  or  a  view  of  his  ma¬ 
chine,  by  a  machinist  of  competent  skill,  with  the  use  only 
of  instrumentalities  known  to  mechanics,  but  would  re¬ 
quire  of  him  the  employment  of  additional  means.  There 
would,  in  such  case,  come  into  it  the  new  element  of  inven¬ 
tion  and  discovery,  which  every  party  has  a  right  to  em¬ 
ploy.  If  you  find  that  the  defendants,  in  this  case,  have 
incoiq)orated  so  much  of  the  plaintiffs’  machine  in  theirs  as 
to  amount  to  a  violation  of  the  patent,  it  may  not  follow,  as 
a  legal  sequence,  that  their  machine  is  thus  made  substan¬ 
tially  identical  with  the  patentee’s.  They  may  have  pos¬ 
sessed  themselves  of  his  invention  without  license,  and  be 
subject  to  an  action  at  law,  or  an  injunction  in  Equity,  for 
the  wrong,  and  yet,  by  new  inventions  added  to  it,  have 
created  a  machine  or  apparatus  substantially  different  in 
structure  and  purpose  from  his. 

I  have  thus  suggested  to  you  the  questions  of  fact  involv¬ 
ed  in  this  case,  and  submit  it  to  your  decision,  without 
intending  to  intimate  any  opinion  upon  the  facts.  I  should 
feel  much  embarrassed,  with  the  slight  information  I  pos¬ 
sess  on  this  branch  of  the  arts,  in  coming  to  a  decision  upon 
them  satisfactory  to  my  own  mind.  If  sitting  in  Equity,  it 
would  be  my  province  to  do  it ;  but,  by  the  aid  of  such 
1679  investigations  as  have  been  had  here,  I  should,  in  that 
forum,  be  clothed  with  advantages  I  cannot  exercise  now, 
and  of  which  you  also  are  deprived.  I  could  have  before 
me  the  drawings,  models,  recorded  evidence  and  instruc¬ 
tions  of  the  books,  to  study,  with  my  own  command  of 
time  for  acquiring  a  sound  knowledge  of  the  facts.  The 
law  presumes  a  jury  to  be  more  competent  than  the  Court 
to  determine  matters  of  fact,  and  also  that  they  can  do  it 
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promptly,  without  the  hesitation  and  prolonged  reflection  1680 
with  which  facts  are  dealt  with  by  Judges. 

I  am  aware  it  will  be  quite  impossible  for  the  Jury  to 
peruse  the  evidence  they  have  heard  in  this  case.  Days, 
and  probably  weeks,  would  be  requisite  to  enable  them  to 
do  it  satisfactorily  ;  but  I  have  no  doubt  your  sagacity  and 
business  experience,  aided  by  the  exceedingly  strict  atten¬ 
tion  you  have  devoted  to  the  evidence  and  the  arguments, 
have  qualified  you  to  give  to  the  Coiu’t  of  Equity  the  pro¬ 
per  responses  to  the  questions  propounded  to  you. 

I  shall  close  these  remarks  by  submitting  instructions  in  1681 
regard  to  points  of  law  prayed  by  both  parties.  Each 
party  has  a  right,  under  our  proceedings,  to  ask  for  instruc¬ 
tions  to  the  jury,  upon  points  of  law"  involved  in  the  case, 
and  to  specify  the  points  upon  w"hich  instructions  are  asked. 

Such  prayers  w-ere  handed  to  me  yesterday,  embracing, 
upon  one  side,  fourteen  specifications  of  instructions  asked 
for,  and,  on  the  other,  thirteen.  The  instructions  I  shall  lay 
before  you  are  embraced  in  written  propositions,  which  I 
shall  read.  The  particular  instructions  prayed  by  counsel  1682 
are  to  be  considered  as  refused  by  the  Comd,  if  not  included 
in  those  now  submitted  to  vou.  Tliev  are  as  follows; 

4/  C 

“  1.  The  Court  is  not  called  upon,  on  this  trial,  to  deter¬ 
mine  the  legal  effect  of  the  specification  and  claim,  or  tlie 
character  and  extent  of  the  right  acquired  under  Sickels’ 
patent.” 

I  do  not  intend  to  decide  whether,  under  that  j^atent,  the  two 
contrivances  form  one,  and  that  the  plaintiffs  must  show" 
that  there  has  been  a  violation  of  the  entire  patent.  That  1033 
matter  I  do  not  adjudge.  I  only  submit  it  to  you  to  inquire 
into  these  separate  discoveries  of  the  patented  rights,  and 
you  are  to  determine  wdiether,  in  respect  to  either  of  them, 
the  defendants’  machine  is  substantially  identical  wfith  the 
plaintiffs’. 

^‘2.  The  issues  sent  here  for  trial  assume  that  the  patent 
embraces  two  independent  inventions,  and  no  question  is 
made  on  the  trial,  but  that  the  specification  and  claim 
plainly  designate  both  inventions,  and  that  they  are  cor¬ 
rectly  represented  by  the  models  exhibited  in  Court.  1684 

3.  Neither  is  there  any  dispute  but  that  the  model  ex- 
lubited  in  Court  by  the  defendants,  correctly  represents  the 
machine  used  by  them.  They  put  in  evidence  tw"o  patents 
to  Corliss,  and,  if  the  evidence  proves  that  the  machine  of 
the  defendants  is  constructed  according  to  either  or  both  of 
these  patents,  the  machine  is  to  be  regarded,  _prima  facie,  as 
not  embraced  wfithin  the  patent  to  Sickels,  and  the  biu-then 
is  cast  upon  the  plaintiffs  to  disprove  its  dissimilarity,  and 
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1685  to  prove  that  it  is  siihstantially  identical  wdth  Sickels’ 
machine.” 

I  have  made  all  the  remarks  that  are  iiecessary  for  ;fonr 
comprehensioii  of  that  principle  of  law. 

“  4.  Tlie  plaintiffs  are  entitled  to  the  exclusive  use  of  the 
construction,  arrangement  or  coinhination  of  apparatus, 
described  and  claimed  under  Sickels’  patent ;  but  the  de¬ 
fendants  are  entitled  to  invent  and  use  any  new  and 

1  AQn  different  inachinery  or  apparatus  or  coml)ination,  which  may 
accomplish  the  like  results  with  that  of  plaintiff’s,  hut  can¬ 
not  employ  mechanical  equivalents  to  that  end. 

* 

5.  The  term  “  mechanical  equivalents,”  is  not  easily  re- 
/  duced  to  a  perspicuous  definite  meaning.  It,  however,  ex- 

.i  ■  eludes  the  idea  of  invention.  In  general,  it  maybe  describ- 
\  ed  as  being  the  substitutiem  ofl  one  mechanical  power  for 
another,  or  of  one  form,  proportidh  or  dimeiigion  off  instru¬ 
ments  for  another,  or  a  mode  of  gearing  or  arranging  parts 
of  a  machine,  so  as  to  use  the  principles  of  the  machine, 

168Y  ■finder  a  different  form  and  appearance. 

6.  The  issues  seek  to  have  answers  to  two  inquiries  : 

^First — Wiiether  or  not  the  construction,  arrangement  or 
combination  of  the  apparatus  used  by  the  defendants  for 
the  more  readily  cutting  off  steam,  in  working  the  steam- 
engine,  as  charged  by  complainants  in  their  bill,  are  sub¬ 
stantially  identical  w^th  tlie  construction,  arrangement  oi- 
combination  of  the  apparatus  described  in  and  claimed  by 
the  complainants  under  the  patent  granted  to  F.  E.  Sickels, 
20th  May,  1842,  for  tlie  more  readily  cutting  off  steam  in 

1688  working  the  steam-engine;  and 

Second — Whether  or  not  the  construction  and  arrange¬ 
ment  of  the  apparatus  for  preventing  the  slamming  of  the 
valves  in  closing,  used  by  the  defendants,  as  charged  in  the 
bill,  are  substantially  identical  with  the  construction  and 
arrangement  of  the  apparatus  described  in  and  claimed 
by  the  complainants  under  the  aforesaid  patent.’ 

7.  The  apparatus  of  the  defendants  Avill  be  substantially 
identical  witli  that  of  the  plaintiffs,  within  tlie  provisions 
and  meaning  of  the  issues,  if  it  embodies  the  same  princi- 

1689  accomplishes  the  same  purposes,  objects  and  effects, 
however  dissimilar  in  apjiearance  or  form  the  instrumen¬ 
tality  and  mechanisni  used  by  the  defendants  may  be. 

8.  The  machine  of  the  defendants,  in  the  case  last  sup¬ 
posed,  will  also  be  substantially  identical  Arith  the  plaintiffs', 
although  it  accomplishes  otlier  purposes  not  effected  by  the 
plaintiffs’,  and  in  a  better  manner,  or  contains  additions  and 
improvements  to  the  plaintiffs’  machine. 
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